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CHAPTER I 
INTRODUCTION 
The somatosympathetic reflex is a reflex change in 
sympathetic nerve activity during afferent nerve stimulc;1tion. 
The term has been used loosely and some visceral as well as 
somatic afferent fibers are included in afferent nerve 
stimulation. 
Stimulation of afferent fibers can elicit pressor 
or depressor responses depending upon the intensity (55, 
69) and frequency (32) of stimulation. Historically, two 
major theories have been proposed to explain these different 
blood pressure responses. Hunt (38) suggested that stimula-
tion of some afferent nerve fibers gave rise to pressor 
responses while stimulation of others r~sulted in depressor _ 
responses. Thus, blood pressure responses were determined 
by the number and type of afferent fibers activated. On 
the other hand, Ranson and associates (70, 71, 72, 74) pro-
posed that these different blood pressure responses were 
not due to activation of two different fiber types. They 
suggested that different intensities or frequencies of 
·stimulation of the same afferent fiber types selectively 
activate a distinct ascending spinal pressor or depressor 
1 
pathway due to the characteristics of each pathway. The 
former theory has been tested and is generally supported 
2 
by recording blood pressure and sympathetic nerve activity 
(43, 50, 82). However, the concept of dual ascendiqg spi-
nal pathways has received little attention despite the 
fact that the above two theories are not necessarily mu- . 
tually exclusive. That is, different afferent nerve fibers 
may excite separate ascendin<j spinal pathways. 
Schmidt and Weller (85) elicited a short latenc;::y 
somatosympathetic reflex when afferent A fibers in .a periph-
eral nerve were stimulated. In addition, a long latency 
reflex was present when they stimulated both A and C fiber 
groups. They concluded that the activation of afferent A 
fibers elicited the short latency reflex (sympathetic A 
reflex) while C fiber activation was responsible·for the 
long latency reflex (sympathetic C reflex). Koizumi et al. 
(51) also reported a similar result of sympathetic A and 
C reflexes. They further concluded that the sympathetic. 
A reflex is responsible for the depressor response, because 
( 
the brief excitatiQn was followed by a prolonged inhibition 
of spontaneous sympathetic activity (silent period) . On 
the oth~r hand, activation of the sympatheti~ c reflex 
produced a pressor response because there was no silent 
period after the excitation. 
The purposes of this study were. (1) to test th~ 
concept of dual ascending spinal pathways for blood pressure 
3 
changes during afferent nerve stimulation; (2) to inves-
tigate these possible pathways using neurophysiological 
techniqties~ (3) to localize the ascending spinal pathways 
for the somatosympathetic A and C reflexes; ( 4) to test 
the possibility of combining the concepts of Hunt's af-
ferent nerve·. specificity and Ranson's spinal pathway 
specificity to· form a new theory for blood pressure deter-
mination during afferent nerve stimulation. 
.. 
• 
CHAPTER II 
LITERATURE REVIEW 
A. History of the Somatosympathetic Reflex 
Somatosympathetic reflexes were initially observed 
by recording cardiovascular tesponses by the Ludwig school 
(reviewed in 43, 58 and 82). They observed blood pressure 
changes during electrical stimulations of limb nerves. 
Based on observations after a series of brain lesions, they 
concluded that the blood pressure changes were due to a re-
flex coursing up the spinal cord to the medulla oblqngata 
and back to the sympathetic neurons. 
Hunt (38) observed that depressor responses were 
obtained when weak stimuli were applied to the central end 
of a mixed nerve, while pressor effects occurred ·at higher 
stimulus intensities. On the basis of these findings he 
suggested that the peripheral nerves contain two types of 
afferents, depressor and pressor fibers, which differed in 
their excitability by electrical stimuli. 
Hunt's findings were confirmed by Hartin and Lacey 
(55) using more quantitative stimuli. After stimulating 
,many different nerves, they concluded that a refle~ drop 
of blood pressure occurred with stimulus intensities which 
4 
5 
were approximately threshold for a spinal reflex from skel-
etal muscle. The.threshold for the p~essor re£le~ was at 
least 20 times the threshold intensity for reflex·blood 
• 
pressure drop. 
Hunt's concept of pressor and depressor afferent. 
fibers was criticized by Ranson and co-workers (70, 71, 
72, 74} who proposed that the different blood pressure 
responses were attributed to"differences in the organiza-
tion of the spinal pressor and depressor pathways. Fur-
thermore, they localized the pressor and depressor pathways 
in the dorsolateral sulcus area and lateral funiculus of 
the spinal. cord, respe6tively (details in section D3). 
Gruber ( 32) was first to demonstrate tha·t not orily 
intensity but also rate of stimulation affects the reflex 
blood pressure responsesr He found that with the same 
strength of stimulus depressor and pressor responses were 
obtainable by varying the rate of stimulation from 1 to 
20 Hz. This rate sensitivity did not suppo:J;:"t Hunt's hypo-
thesis for different rates of stimulation· must·somehow 
activate different components in the central nervous system. 
Nevertheless, Hunt's postulat~ of specific pressor 
and depressor afferents in somatic nerves was widely ac-
cepted and gained experimental support from many studies. 
One notable study was carried out by Gordon (31). Ap-
plication of cocaine. to sciatic nerve fibers selectively 
blocked the pressor reflex, while depressor reflex was 
6 
blocked by asphyxia. He suggested that small .diameter, 
unmyelinated fibers which are more susceptible to the co-
caine block, were responsible for the pressor refiex; _while 
larger diameter, myelinated fibers, which are more suscep-
tible to asphyxia, were responsible for the depressor re-
flex. In addition, increasing the frequency of stimulation 
without altering the intensity reversed the depressor re-
sponse to a pJ;essor response. Consequently, he concluded 
that variations in both afferent fiber types and central 
nervous system mechanisms determined the cardiovascular 
responses to afferent n~rve stimulation. 
As briefly reviewed above, the importance of both 
afferent nerves and the central nervous system in the 
somatosympathetic reflex were appreciated. However, up 
to the 1940's all studies performed were based on cardio-· 
vascular effects of the peripheral nerve stimulations. 
The neurophysiological approach to the study of the soma-
tosympathetic ~eflex began after Adrian et.al. (1, 2) . re- .. 
corded action·potentials from sympathetic nerves and 
Alexander (4) recorded somatically-evoked sympathetic re-
flexes. I'n the 1960's rigorous investigations of the 
somatosympathetic reflexes were started using advanced 
neurophysi61ogical techniques. 
B. Background 
1. Spontaneous Activity of sympathetic Neurons and the 
Silent Period. 
7 
The tonic or spontaneous discharges of the sympathet-
ic nerves supplying blood vessels has been known since the 
mid 1800's (reveiwed in 58). In the 1930's Bronk and asso-
ciates first recorded si'ngle unit spontaneous activity from 
the cervical sympathetic trunk and inferior cardiac nerves 
{8) of cats. The rates of discharge at rest ranged from· 
less than one to several Hz but the-se increased to 10-20 
Hz during intense asphyxia (9). 
Recently, Kaufman and Koizumi (46) made single unit 
recordings fr9m the lumbar.white rami of cat with vagus and 
carotid sinus nerves intact. · The average discha:rge frequen--
'cy of 27 spontaneous units ranged from 0.1-9 Hz and averaged 
1.4 H~. Sato (76) also made single unit recordings from 76 
spontaneously active units of lumbar white rami of cats 
whose vaCJi and carotid sinus nerves were sectioned. Spon-
taneous discharges ranged from 0.1 to 4.0 Hz~ with a mean 
+ I 
of 2.1 - 1.4 (S. D.) Hz. Jinig and Schmidt (42) recorded. 
from the cervical sympathetic trunk and found an average 
discharge rate of 1.7 Hz in case of myelinated fibers and 
2.9 Hz in unmyelinated fibers. 
• 
Not all. sympathetic nerve fibers are spontaneously 
acting. J~nig and Schmidt (42) recorded over 500 units 
from the cervical sympathetic trunk; each unit was iden-
tified by direct stimulation. About 70% of these units 
were not spontaneously active and did not respond to af-
ferent nerve stimulation, \vhereas 25% had both properties. 
• 8 
The other 5% had either one or the other property. They 
further concluded that a sympathetic unit showing reflex 
discharges usually is spontaneously active and viae versa. 
Koizumi St al. (54) recotded and compared the pat-
terns of sympathetic spontaneous discharges in the white 
rami at Tl-2, Tl0-11, Ll-2 spinal level and in the c~rvical 
sympathetic nerve. SpGntaneous discharges recorded from 
preganglionic fibers at various le{vels of sympathetic out! 
flow were similar. 
l·1uch of the spontaneous discharge of ~ympathetic 
fibers is apparently driven by·the medulla oblongata, since 
this activity is significantly reduced by severance of the 
spinal cord from the medulla. In .1871 Owsjannikow (re-
viewed in 5 and 58) described the cardiovascular.effects of 
serial transactions of the br~instem in the cat and tabbit. 
He showed that blood pressure remained relatively stable 
until a section was made through the rostral medulla which 
caused a marked fall in blood pressure. Sections in the 
lower medulla further·decreased system:j..c blood pressure 
until a level was reached which was characteristic of spinal 
animals. 
However, the impor*ance of the spinal cord in main-
taining vasomotor tone in spinal animals was supported by 
several investigators. Brooks (10) noted that three to 
seven days following cervical spinal cord transection,· an-
imals had a nearly normal blood pressure. Alexander (3) 
.. 
observed spontaneous inferior cardiac nerve discharges in 
decentralized,· deafferented spinal cord preparations. In 
a recent study, Polosa (67) reported sympathetic pregan-
~ 
9 
glionic spontaneous firing rate of 0. 3 Hz in decentral"ized, 
deafferented spinal cord-preparations. This discharge rate 
was .much lower than that found in intact preparations. 
This residual discharge indicates that some mechanism ot.her 
than input drive to preganglionic neurons from the periph-. 
ery or supraspinal centers is responsible for maintaining 
activity in a spinal animal. Polosa sugg~sted several pos~ 
sible mechanisms which may account for spontaneous dis-
charges in sympathetic neurons: (1} direct or indirect 
,activation of preganglionic neurons by chemical or physical 
. factors (e.g., respiratory gases, metabolites, pH); (2) 
spontaneous· leakage of excitatory transmitter from pre-
synaptic terminals; or ( 3) true pacemaker activity of .pre-
ganglionic neurons. Since in intact preparations, anti-
dromic impulses caused a resetting of the spontaneous 
discharge pattern, Polosa concluded that the ihythm is 
endogenous to the sympathetic neuron itself. 
The mechanism of the spontaneous activity as well . 
i1S its exact origin is not known i1t the prcsent.t.imc. How-
ever, intracellular recordings from preganglionic neurons 
may provide the necessary detailed informi1tion. 
The phenomenon o£ the silent period in the sym-
pathetic neuron reflex response was first described by Pitts 
10 
andBronk (64). They' reported that the spontaneous dis-
charge of single cervical sympathetic fibers was· suppressed 
for 11early o.ne second following- excitation by repetitive 
stimulation of the hypothalamus. This phenomenon was 
called postexcitatory depression by these authors. 
Sato et al. (79) used conditioning-testing stimuli 
to .the sciatic or radial nerves and recorded from lumbar 
sympathetic trunks, in order~to study the excitability and. 
recovery properties of sympathetic neurons. They found 
that nearly one second .is required for complete recovery 
of these neurons following excitation and no positive.test 
response could be elicited for the first 500-800 msec. 
Similar phenomena have beeri observed in various other pre-
and postganglionic sympathetic nerves (17, 40, 53, 81, ~4). 
The silent period is commonly defined as. the period of 
depression which follows excitation of sympathetic neurons. 
It is not known what processes are responsible for 
producing such a long lasting depression. Koizumi et al .. 
(53) reported that a test shock occurring during the silent 
period of a conditioning shocK produced no excitation but 
it did prolong.the silent period. They suggested that 
somewhat independent mechanisms were involved in excitation 
and inhib.:j..tion of the sympathetic efferent discharge. 
Koizumi and Sato (52) presented similar evidence. They ' 
recognized the single unit activity from sympathetic post-
ganglionic fibers supplying skeletal muscle during stimulation 
11 
afferent nerves .. Under favorable stimulation conditions, 
they could elicit pure depression (withou~ preceding ex- ' 
citation) of spontaneous activity from about 30% of units 
tested. This again suggested that the silent period can be 
generated independently from excitation. Furthermore, 
rwamura et al. (40) were able to abolish selectively the 
silent period or the reflex excitation by placing lesions 
in the medulla. They recorded from the renalnerve while 
stimulating either .the radial or sciatic nerve. Hedullary 
lesions near the dorsal surface selectively abolished or 
greatly depressed the reflex excitation, whereas lesi6ns 
in the ventral medullary reticular formation selectively 
abolished or greatly depressed the silent period. 
On .the other hand, Polosa (66) proposed that the 
preganglionic neuron itself may be responsible for th.e 
generation of the silent period. By recording extra-
cellularly from preganglionic c~ll bodies in the spihal 
cord, he found that repetitive antidromic excitation of 
spontaneously active units could produce a subsequent, 
long lasting inactivity or silent period. A similar silent 
period could be produced by antidromic excitation of units 
in the actuely ·isolated and deafferenta ted spinal cord. He 
concluded that the silent period of sympathetic pregan-
glionic neurons is generated in the spinal cord and is due 
to accumt:lation of post-activation depre·ssion by .the cell 
bodies of the affected .units. 
12 
The· origin and mechanism of the silent period is 
not clear at the present time as in the case of spontaneous 
activity. Future studies have to be directed in these 
directions. 
2. Sympathetic Preganglionic Neuron 
In the late 1800's Gaskell {28, 29) suggested that 
sympathetic preganglionic cell bodies were located in the 
lateral horn of the spinal cord. He pointed out that the 
position and constitution of the lateral horn differed in 
different parts of the spinal cord. He noted the cells 
which in all probability gave rise to the motor nerves of 
the vascul.ar and glandular systems were small c;ells lying 
in groups in the intermediolateral cell column. Utilizing 
the Golgi stain, Bok (7) and Poljak (65) conducted exten-
sive studies on the neurons in the intermediolateral cell 
column which were assumed to be sympathetic preganglionic 
neurons. 
Cummings (18) and Petras and Cummings (63) ob-
served identified preganglionic neurons in the dog and 
monkey spinal cord. Following transection of preganglionic 
axons, chromatolytic cells were located in the intermedio-
lateral cell column, lateral funiculus, central autonomic 
area and intercalated nuclei. 
\ 
Recently, Chung e-e al. (13) and Schramm et al. (86) 
injected horsercidish peroxidas·e into sympathetic ganglia 
and adrenal gland, respectively. They traced the cells 
13 
bodies which contain retrogradely transported peroxidase in 
the spinal cord and confirmed the general locations of the 
preganglionic neurons. According to Chung et al. (13), 
82% of the preganglionic cells in the upper thoracic cord 
were located in the intermediolateral cell cGlumn while 
12% were located in the lateral £uniculus. The remaining 
6% were found in the intercalated nucleus and central auto-
nomic area. 
Not all fibers in the cervical sympathetic trunk 
are of sympathetic preganglionic origin. Foley and DriBois 
(24) and Foley (2'2, 23) carried out detailed histological 
investigations on the cervical sympathetic trunk of the cat. 
Although there was considerable animal-to-animal variability, 
about 3000 (37%) .of approximately 8000 fibers were unmye-
linated. Judging from the results of various types of 
degeneration experiments, the myelinated fibers.of the cer-
vical sympathetic trunk are about 90% preganglionic, 1% 
postganglionic, and 9% aberrant vagal fibers. The corres-
ponding percentages for the unmyelinated fiber group are 
51%, 32%, and 17%, resp~ctively. Ranson and Billingsley 
(73} and Foley and·DuBois {24) claimed that .there are no 
dorsal root afferents ··in the cervical syl!lpathetic trunk. 
The physiological evidence for the presence of both 
myelinated and unmyelinated fibers in the cervical sympathet-
ic trunk was presented by Eccles {20). He recorded action 
potentials from the super;i.or cervical ganglion while 
14 
stimulating the cervical sympathetic trunk and noted the 
appearance of four different peaks which had different ac-
tivation thresholds. He suggested that the first three 
peaks were action potentials from myelinated fibers and 
the last peak was from unmyelinated fibers.- Janig and 
Schmidt (42) recorded single unit activity from the cer-
vical sympathetic trunk. Based on the measurements of 
conduction velocity, they concluded that 27.5% of the total 
number of units recorded were unmyelinated fibers. 
The spinal origin of the preganglionic fibers in 
the cervical 'sympathetic trunk was studied by Herring ( 34) • 
He observed neurons which showed chromatolyti<:! reaction in 
the spinal cord after section of the cervical sympathetic 
trunk of the cat. He found that the cells showing chro-
matolytic changes were in the ipsilateral lateral horn of 
the spinal cord. Cell bodies were located in CB to T6 spi-
nal cord segments and were most numerous in the T2-T3 seg-
ments. By applying horseradish peroxidase to the-superior 
cervical ganglion, Chung (14 ). observed a similar spinal 
distribution of cervical preganglionic sympathetic cell 
bodies. 
C. Afferent Nerves Affecting Somatosympathetic Reflex 
Johansson (43) made an extensive study of the car-
. ' 
diovascular responses to somatic afferent nerve stimulation. 
He recorded arterial blood pressure and regional blood flows 
to the ~idney, skeletal mu~cle, intestine and skin. He 
15 
demonstrated a marked depressor response and vasodilatation 
in all vascular beds during activation of mye.linated muscle· 
afferent fibers. This was particularly evident in cats with 
high spontaneous vasoconstrictor tone. Though this response 
was most noticeable at low stimulus frequencies, it was also 
noted at higher frequencies (100-500 Hz). When the inten-
sity of stimulation was increased to activate unmyelinated 
c fibers, high frequency sti~ulation resulted iri a pressor 
reflex, while low frequency stimulation produced a depres-
sor response. Stimulation of myelinated cutaneous fibers 
caused a decrease in blood pressure at low stimulus fre-
quencies, but an increase in pressure·was elicited by high 
intensity stimulation of unmyelinated cutaneous afferent 
fibers. 
Since blood pressure responses depended on the type 
of afferent fiber being stimulated, studies were undertaken 
to relate sympathetic discharges to specific afferent nerve 
volleys~ Schmidt and Schonfuss (84) and Sate and Schmidt 
(80), by using a computer to average transients, recorded 
mass discharge responses to stimulation of affere~t fibers 
in cutaneous and muscle nerves. They reported that stimu-
lation of ~ow threshold cutaneous afferent fibers (A-beta) 
·was most ef_fective in eliciting sympathetic reflexes. If 
cutaneous A-delta afferent fibers were also stimulated 
• there was a further increase in reflex size, Activation of 
A-alpha afferents from muscle never produced sympathetic 
16 
reflexes, but A-beta and -delta afferents were quite effec-
tive. 
Schmidt and Weller (85) provided a detailed des-
cription of reflex discharges in the cervical and lumbar 
sympathetic trunk following activation of unmyelinated af-
ferent fibers. At a slow repetition rate, single shock 
stimulation of both A and C afferent fibers elicited.reflex 
discharges that were related ./to the A volley only (sympathet-
ic A reflex). Howe~er, if pairs or short trains of pulses 
were give~ (pulse frequency 10-30Hz), an additional late 
reflex component appeared. This late reflex disappeared if 
the stimulus strength was lowered beyond the thr~shold of 
the unmyelinated fibers. The A reflex was abolished fol-
lowing anodal block of myelinated fibers' 'but the late reflex 
still persisted. Therefore, the late reflex was elicited 
by activation of unmyelinated C fibers and was called the 
sympathetic C reflex by these authors. The C reflex had a 
latency of about 250-500 msec from the beginning. of the 
stimulus and· a duration of 250-600 msec. The most effec-
tive stimuli for elicitinq the C reflex were pairs of short 
trains of pulses. This suggested that unmyelinated fibers 
require temporal summation· of afferent volleys to evoke a 
sympathetic discharge. Furthermore, 10-20 stimuli were 
necessary for the maximal reflex responses (recruitment 
I 
phenomenon). Schmidt and Weller concluded that much of the 
latency of the C reflexes was due to the low conduction 
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velocity of the unmyelinated afferent fibers in the periph-
eral nerve. 
Koizumi and co-workers (51) also demonstrated the 
c reflex in lumbar white rami ·after anodal current block of 
the myelinated afferent fibers. In addition, they cor-
related sympathetic nerve activity with the blood pressure 
responses. Low frequency stimulation of both cutaneous A 
and C fibers or A fibers alone resulted in a depressor 
response. During this stimulation, sympathetic nerve ac-
tivity showed a prolonged silent period following reflex 
excitation. Low frequency stimulation of unmyelinated 
fibers alone induced a pressor response and simultaneous 
sympathetic nerve recordings showed no silent period. They 
concluded that myelinated fibers have synaptic input· to 
both excitatory and inhibitory reflex centers, while un-
myelinated fibers influence only excitatory areas. 
Jinig et al. (41} and Koizumi and Sato (52) analyzed 
the reflex .influence of somatic afferent C fibers on single 
postganglionic· units in cutaneous and muscle nerves. Only a 
minority of the cutaneous units were excited by C fiber vol-
leys in either cutaneous or muscle afferent nerves. More 
often the C fiber volleys increased and prolonged the in-
hibition induced by the concomitant stimulation of the 
myelinated afferent fibers. They suggested that.those units 
which were activated by C fiber volleys subserve different 
functions. (vasodilators, pilomotor, etc.) from those which 
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were inhibited by these volleys. In contrast, C fiber vol-
leys in cutaneous nerves resulted mainly in excitatory 
responses i~ the majority of muscle sympathetic units. 
-Koizumi and Sato (52) observed that the C fiber reflex ex-
citation was not followed by a silent period whereas the A 
fiber refl-ex excitation was followed by a period of marked 
depression. This again seems to indicate that myelinated 
fibers have synaptic input td both excitatory and inhib-
itory reflex centers, while unmyelinated fibers influence 
only excitatory areas. 
D. Central Pathways for the Somatosympathetic Reflex· 
1. Descending Spi~al Pathways 
One of the earlier descriptions of~the location of 
the efferent spinal pathway mediating the somatosympathetic 
reflexes was presented by Ranson and Bil_lingsley ( 71). Fol-
" 
' lowing dorsal hemisection in the upper thoracic cord, the 
~asomotor response to brachial nerve stimulation was not 
affected. They indirectly concluded that the efferent limb 
of this reflex was in the lateral. or ventral funiculus of 
the spinal cord. 
Chen et al. (12) stimulated both sides of the medul-
la and observed sympathetic responses in various organs 
including the cardiovascular system. After sympathetic 
responses were elicited, the vehtrolateral funiculus of ~he 
spinal cord .was destroyed on· one side. · The ipsilateral or 
contralateral side of the medulla was then stimulated but no 
,. 
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sympathetic responses were observed on the side of the spinal 
lesion. They concluded that the sympathetic tract arises 
either from the ventromedial part of the vestibular nuclei 
or from dorsolateral cells in the reticular formation and 
descends uncro~sed in the ventrolateral funiculus. 
\'lang and Ranson (90) noted that lesions in either the 
anterolateral funiculus or just dorsal to the dentate liga-
ment at the Cl to C2 segments significantly reduced blood 
pressure elevations during hypothalamic stimulation. 
Kerr and Alexande~ (48) examined the sympathetic 
descending" pathway by directly stimulating the surface of the 
thoracic spirial cord between the dorsolateral sulcus and a 
point midway between the dentate ligament and ventrolateral 
sulcus. They noted the greatest concentration of vasopres-
sor fibers were located two to three millimeters ventrolat-
eral to the dorsolateral sulcus. 
Illert and Gabriel (39) local~zed descending ex-
citatory pathways.in the· dorsolateral funiculus and inhib~ 
itory pathways in the ventrolateral funiculus. Both blood 
pressure and sympathetic activity in the renal nerve in-
creased when the dorsolateral funiculus was stimulated, but 
decreased when the ventrolateral pathway was stimulated. 
Gebber and co-workers (30) recorded blood pressure 
and evoked discharges in the postganglionic external carotid 
nerve during stimulation of the dorsolateral funiculus in 
anesthetized cats. The major~ty of the effective stimulation 
20 
.sites for the vasomotor outflow were near the surface of 
the cord ventral to the dorsolateral sulcus. 
Foreman and Wurster (25) did an extensive electro-
physiological arid functional study of the descending spinal 
sympathoe·xci tatory pathway in anesthetized cats. They dem-
. onstrated that maximal pressor responses and maximal T2 
preganglionic nerve evoked discharges were elicited by 
stimulation of the surface of the dorsolateral funiculus, 
. 1. 5-2 nun ventrolateral to the dorsolateral sulcus. Discrete ·· 
lesions on the surface of the dorsolateral funiculus de-
creased the blood pressure to the level of a spinal animal, 
indicating that the majority of fibers responsible for main-
taining vasomotor tone are located in this area. Conduction 
velocity in .this uncross-ed pqthway was'determined to be 
about 6 m/sec. In a later study (26) these inv~stigators 
showed that the responses to afferent nerve stimulation are 
. . 
dependent upon an intact dprsolateral funiculus, indicating 
thatcthis pathway is the descending limb of the somatosym-
pathetic reflex. 
Recently, Szulczyk {87) recorded sympathetic evoked 
responses from the renal nerve while stimulating the hypo-
glossal nerve. Evoked activity was abolished by Tl dorso-
lateral funi_culus lesion placed ipsilateral to both the 
stimulating and recording nerves. Similar to Foreman and 
Wurster (26), .Szulczyk sugge~ted that the sympathoexcitatory 
pathway in the dorsolateral funiculus is the descending · 
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spinal pathway for the somatosympathetic reflex. 
2. Central Relay Areas 
Sato et al. (83) recorded mass reflex discharges 
from the lumbar sympathetic trunk while stimul·ating the 
sciatic nerve. They observed two reflex discharges with 
latencies of 25-50 and 80-120 msec. They termed these 
responses the early and late reflex potentia·ls, respectively. 
The late potential was seen consistently and the early po-
tential wa-s observed in about 60% of all experiments. After 
serial transection of the brain stem, starting at the upper 
midbrain level down to' the lowest level of .the pons, the 
late as well as the early reflex could be still elicited. 
However, after spinal transection at Cl or T8, only the 
early reflex was preserved. They concluded that the early 
response was transmitted via spinal pathways, the late one 
via the medulla oblongata. 
Sato and Schmidt (81) recorded refle'X discharges in 
thoracic ana.. lumbar white rami elicited by single shock 
stimulation of intercostal, spinal and hind limb nerves. 
The early (spinal) reflex component had its largest ampli-
• 
tude with afferent volleys entering the spinal cord at the . 
same or adjacent spinal S'egments to that of the white ramus 
being recorded. The size of the late (supraspinal) compo-
nent was independent of the segmental level of the afferent 
input. They concluded that somatic afferent volleys have a 
twofold action on sympathetic responses: a more generalized 
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action via the supraspinal sympathetic reflex centers and 
a more circumscribed action on the preganglionic neurons 
at the segmental level~ 
The spinal and supraspinal components of the reflex 
activity in the cervical sympathetic trunk were studied by 
Kirchner et al. (49). In the cervical sympathetic trunk, 
sciatic or radial nerve stimulation evoked a reflex dis-. 
charge which also consisted of fast and slow components. 
However, these two reflex components were found to. be mostly 
attributed to the myelinated and unmyelinated fibers in the 
cervical sympathetic trunk. 
\ 
The reflexes in spinal cats 
showed discharge patterns similar to those in CNS-intact 
cats, although the amplitudes of the reflexes were much 
smaller in spinal cats. They concluded that in CNS-intact 
cats, the cervical sympathetic reflex discharges, ~voked by 
a sciatic or radial nerve stimulation, utilized both spinal 
and supraspinal pathways which have similar latencies. 
Sato (75) observed a very late reflex discharge 
(300-350 msec) in addition to the early (s~inal) and late 
(medullary) r~flexes while recording ma~s discharges from 
lumbar white rami during somatic afferent nerve stimulation. 
rhe very late reflex was only observed 8-10 hours after the 
initial dose of alpha-chloralose (50 mg/kg, i.p.). It dis-
appeared completely after an additional injection of alpha-
chloralose (5-10 mg/kg, i.v.), although the early and late 
reflexes persisted. After surgical transection of the brain 
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stem at the supra- or mid-pontine level, the. very late re-
flex discharge disappeared completely while the other two 
reflexes -~emained unabated. He concluded that the very late 
reflex discharge has a suprapontine reflex pathway and is 
very sensitive to the level of,anesthesia. 
Because the sympathetic c· reflex was found and char-
acterized later, the central relay areas of the somatosym-
pathetic reflex described abdve had dealt with only the 
sympathetic A reflex. After the sympathetic C reflex was 
characterized, Sato (77) studied the pathways f6r the C re-
flex by recording sympathetic activity from the lumbar white 
rami while stimulating afferent C fibers of various hindlimb 
and lumbar spinal nerves. The sympathetic C reflex evoked 
in CNS-intact cats remained after decerebration, whereas it 
disappeared completely after spinal transection.· ·However, • 
in the chronic spinal cats, 8-12 weeks after ~8 spinal 
transection, this reflex reappeared. The sympathetic C 
• 
reflex evoked by stirimlation of spinal nerves adjacent to 
the segmental level of the recorded white ramus persisted. 
after acute spinal transection. This apparent spinally 
mediated C reflex did not require temporal summation to 
elicit a maximum reflex response. He concluded that the 
sympathetic C reflex evoked by stimulation of hindlimb 
nerves had a central pathway through the medulla oblongata 
when the CNS neuraxis was intact. However, a spinal reflex 
pathway .can also exist under special conditions such as in 
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very long term chronic spinal animals. In addition to the 
supraspinal pathway, a spinal pathway also exists for the 
sympat;hetic C reflex in CNS-intact cats. This spinally 
mediated sympathetic C reflex could. only be elicited by 
stimulation-of spinal nerves entering the spinal cord at 
the same or adjacent segments to the sympathetic outflow. 
3~ Ascending Spinal Pathway 
Ranson and co-workers (72, 74) proposed that pres-
sor responses to peripheral nerve stimulation are mediated 
by distinct ascending pathways localized bilaterally in 
the dorsolateral sulcus area of the spinal cord. After 
I . 
cats had recoverec1 from·various lesions in the lower tho-
racic or upper lumpar spinal cord, the authors recorded and 
compared systemic blood pressure changes during stimulation 
of the brachial and sciatic. nerves. Depressor or only small 
pressor responses were observed with sciatic nerve stimula-
tion after bilateral lesions in the dorsolateral sulcus 
area. However, similar stimulation of the brachial nerve 
(above the lesion) resulted in much larger pressor responses. 
They concluded that the afferent pressor impulses travel up 
the spinal cord in the dorsolateral sulcus area on both sides 
of the cord with the ipsilateral side being more important. 
Ranson and Billingsley (71) used similar techniques 
to localize the ascending spinal de~ressor pathway. The 
depressor responses during weak stimulation of the sciatic 
nerve was abolished by placing bilateral lesions in the 
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lateral funiculus at the Ll segment while the brachial 
nerve stimulation elicited depressor responses. They con-
cluded that the afferent spinal pathway .for depressor· re-
flexes lie~ in the lateral funiculi bilaterally in the 
same position as the spinothalamic tract,· but this pathway 
was not the spinothalamic tract itself. 
Johansson (43), however, failed to confirm Ranson's 
results. He stimulated the superficial peroneal nerve and 
could not abolish the pressor response following a lesion 
of dorsal half of the C3 spinal cord. He suggested that 
afferent spinal pressor pathways·are a rather diffuse sys-
tem. Furthermore, Johansson was able to abolish the de-
pressor response during hamstring nerve stimulation by 
placing a lesion at Cl which included both the bilateral 
ventral and ventrolateral funiculi. Stimulation of the 
central cut end of the vagus nerve still elicited a depres-
sor response after the spinal lesion. He concluded that 
the ascending spinal depressor pathways are located in the 
ventral or ventrolateral funiculus bilaterally. 
An attempt to localize the ascending spinal path-
way for the somatosympathetic reflex was made by Coote arid 
Downman (15) using electrophysiological techniques. They 
recorded reflex activity from the renal nerve evoked by 
stimulation of the intercostal nerves while making C4 
spinal lesions. The late reflex (supraspinal) in the renal 
rierve elicited by stimulation of the tenth intercostal 
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nerve was abolished by a lesion which included both dorsal 
horns and'the dorsal part of the lateral funiculi. The 
renal nerve responses to stimulations of the second cer-
~ical nerve was still present. A lesion at the C4 level 
which was confined to the dorsal columns had no effect on 
the renal nerve reflexes elicited,by either the C2 spinal 
nerve or the tenth· intercostal nerve. They concluded that 
the ascending spinal pathways for the somatosympathetic 
reflexes are in both dorsal horns and the dorsal portions 
of the lateral funiculi. 
E. Functional Significance of the Somatosympathetic 
Reflex 
The physiological significance of the somatosym-
pathetic reflex is poorly understood. Two major themes 
have been proposed as the physiological role of the soma-
tosympathetic reflex: cardiovascular adjustments during 
exercise and autonomic defense mechanisms to noxious 
stimuli. 
Wildenthal .et al. (91) studied the'effects of ar-
terial infusions of small amounts of KCl (0.3-1.0 mmole) 
into the vasculary isolated but innervated hind leg of the 
dog. l\rtcrial pressure, heart rate <;tnd ventilatory volume 
increased significantly d'uring potassium infusions. Neither 
vagotomy nor beta adrener~ic blockade attenuated the blood 
pressure rise .whereas cutting the femoral and sciatic nerv~s 
abolished all changes. Since potassium is released from 
r muscle~ during exercise, they suggested that potassium 
~ .. 
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can induce cardiovascular reflexes from the leg during mus-
cular exercipe. 
Coote and co-workers (16) elicited tetanic contrac-
tion of the· hind limb muscle by stimulating the ventral 
roots L6-Sl in anesthetized or decerebrated cats. This 
tetanic muscle contraction caused a rise of arterial blood 
pressure. When muscle contraction had been abolished by 
gallamine, or when dorsal roots L6-Sl had been sectioned, 
ventral root stimulation no longer caused a presso~ response. 
They concluded that the response was a reflex, initiated in 
the contracting muscle. Furthermore, they suggested that 
the stimulus arising in the ~ontracting muscle was probably 
chemical because occluding the arterial inflow to the hind 
limb increased the magnitude and rate of rise of the pres-
por response to contraction. 
McCloskey and Mitchell (56) conducted similar ex-
periments and confirmed the results of Coote et al. 
McCloskey and Mitchell further studied the effects of chem-
ical infusions into the artery. Injection of small volumes 
of 5% NaCl or isotonic KCl into the arterial blood supply-
ing the hind iimb musculaoure gave rise to a cardiovascular 
response similar to those evoked by contraction. Like the 
response to contraction, this response was abolished by dor-
sal root section. Selective ·anodal current block of large 
myelinated fibers from the contracting muscle did not abolish 
the evoked cardiovascular reSponse. However, the response 
was abolished by selective blockade of unmyelinated and 
small myelinated fibers by local anesthesia of the nerves. 
They concluded that the reflex cardiovascular responses 
·were mediated by small myelinated and unmyelinated fibers 
originating from exercising muscle. 
Hnik et al. ( 35) recorded sensory afferent nerve 
activity from simulated exercising muscle in both rats and 
cats. A brief tetanic contraction of the gastrocnemius 
muscle increased transiently the ove~all sensory activity 
in the muscle nerve and in the dorsal root filaments. This 
increased activity was due to the increased activity in both 
proprioceptive and myelinated nonproprioceptive nerve fibers. 
Most afferent fibers. did not respond to either increased 
,5 perfus1.on pressure· (up to 250 mmHg) or increased arterial 
blood co2 content by about 20%. Intraarterial infusion of 
KCl at concentrations found in the venous effluent from 
+ cont'racting muscles (10 mEg K per liter), enhanced the ac-
tivity of both proprioceptive and myelinated nonproprio-
ceptive fibers. They concluded that muscle afferents may 
be activated by nonproprioceptive stimuli associated with 
metabolic changes of the muscle. The increased concentra-
tion of potassium is important to enhance most of activity 
of both proprioceptive and nonproprioceptive nerve endings. 
The activation of nonproprioceptive fibers might be in-
valved iri mediating cardiovascular and respiratory responses 
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during m~scle exercise. 
Ranson and co-workers (71, 74) failed to correlate 
spinal pain pathways to the ascending vasomotor pathways. 
They made a series of spinal lesions (lateral hemisection, 
posterior hemisection, section of the posterior funiculus, 
bilateral dorsolateral sulcus area lesions) and waited sev-
eral weeks; this had no noticeable effects on the conduc-
tion of pain. They concluded that the pain pathways in 
the cat spinal cord are bilateral and are not identical to 
the ascending pressor and depressor pathways which they 
localized in the dorsolateral sulcus area and lateral 
funiculus, respectively. 
In order to find adequate stimUlation for blood 
pressure re~ponses, Johansson (43) applied various physio-
logical stimuli to the cat hind limb while recording blood 
pressure. He concluded that pinching or applying pressure 
to the muscle was found to be the most effective method 
for inducing thedepressor responses whereas pressor res-
ponses were mainly obtained by nociceptive cutaneous 
stimuli. 
Horeyseck and J~nig (36i 37) also studied natural 
stimuli which elicited somatosympathetic reflexes. They 
recorded sing!~ unit activity from•sympathetic postgang-
!ionic nerves supplying skin and muscle while applying 
various forms of mechanical non-noxious and noxious stimuli 
' 
tti the skin. Non-noxious stimuli (air jets over hair, 
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... · cOns'tart.t force to the foot pads, and sinusiodal stimula-
• '•· • I' 
~: · · t.ion of ·pacinia11 corpuscles in fat pads) decreased activity 
'.. ~ ; . . ' 
_.. to -muscle postganglionic fibers and increased activity to 
~kin postganglionic fibers. These dat4 suggested that non-
·· ·noxiO'us stimuli to the skin activated A-beta and -delta af-
• .. 'fl .., ~ 
' . 
~- ferent fibers which resulted in a redistribution of blood 
. . 
flow· from the skin to the muscle. Noxious stimuli (mech-
. . . 
... 
. '· 
· a~ica'l.'damage or thermal stress) caused the opposite res-
'<-:i;>onse ,. i.e., attenuation of skin sympathetic discharges 
· ·· ~m<;l ·activation of musc;le sympathetic discharges. They 
• -sugges·ted that these reflexes were· initiated by small mye-
~inated and unmyelinated fibers. 
Guzman, Braun and Lim (33) carried out extensive 
.stu¢ies on the·effects of intraarterial injection of var~ 
io9s.phemicals (KCl, acetylcholine, histamine, serotonin, 
brady,kinin) ·in anesthetized dogs and cats. Intraarterial 
injection of these substances into organs in various areas 
' . ., . ' .. 
tQ.roU:ghout the body evoked vocalization, hypertension and 
·'hyper.pnea. The responses mimicked the symptoms of pain 
pro~iked by applying mechanical, thermal and electrical 
stimUli to the body surface. They concluded that these 
substances induce pain from somatic and visceral sites 
following intraarterial·injection. Furthermore, increased 
unmyelinated afferent nerve activity followin~ intraarte-
~ial ~-nj~ction of these algesic substances was demonstrated 
by t-1~nse and co-workers (21, 27, 60). 
' Juan and Lembeck (44) observ:ed the effects of in-
J ,. 
traarterial injection of algesic substances (bradykinin, 
• 
subs:tance P, acetylcholine, histamine, serotonin, KCl) 
i~to the isolated perfused rabbit ear connected to the 
body by ~nly its nerve. Following injection of the alge-
sic sub~tances, afferent nerve activity of the auricular 
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nerve in the ~solated ear was increased and systemic blood 
. . 
pressure of the rabb~t decreased reflexly. They concluded 
that the afferent impulses generated from pain receptors 
(free nerve endings) located in the ~aravascular tissue 
were responsible for the reflex fall in systemic blood 
pressure. In the later study ( 4 5) -they found both pro-
.caine ~nd tetrodotoxin reduced the effects of intraarter-
ial injection of algesic substances. 
-· 
The available literatures concerning the .functional 
significance of the somatosympathetic reflex have been 
briefly reviewed. Meaningful conclusions about the physic-
logical role of the somatosympathetic reflex will require 
\ 
further investigation. 
,, . 
CHAPTER III 
MATERIALS AND METHODS 
.A. Animal Preparation 
• Experiments were performed on adult cats (2-4.5 kg) 
of either sex. Blood pressdre responses during cervical 
spinal cord stimulation were studied under sodium pento-
barbital (35 mg/kg, ip) anesthesia. For the remaining ex-
periments, the femoral vein of the cat was cannulated under 
chloroform preanesthesia. Then, alpha chloralose (60 mg/kg, 
dissolved in carbowax 200) was injected slowly .(10 sec) in-
to the femoral vein with the animal started to move his hind 
limb as the chloroform anesthesia was discontinued. The 
level of anesthesia was adjusted to be just deep enough to 
inhibit the corneal reflex and muscle tone. After trache-
otomy, animals were paralyzed with gallamine triethiode 
(4 mg/kg at hourly interval injection) and maintained on · 
'a posit!ve pressure respirator (Ensco RU-4M) with room air. 
Respiration rate and depth were adjusted to approximate . 
spohtaneous breathing patterns. · Laminectomies were per-
-~ . 
formed at the appropriate level for each study and animals 
were placed in an apparatus to stabilize the vertebral 
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column. A mineral oil pool was made around the exposed 
spinal cord and the dura mater was resected with fine 
scissors under a dissecting microscope. Lactated Ringer 
solut'ion (6.00 mg% NaCl, 310 mg% Sodium lactate, 30 mg% 
' 
KCl, 20 mg% CaC1 2 ) was infused slowly (1 ml/min) to com-
pensate for.blood loss. Rectal temperature was maintained 
at 3i:!:1° C by a heating pad throughout the experiment. 
B.. Stimulation Procedure 
Appropriate peripheral nerves were cut and the 
central ends were placed on a pair of bipolar stainless 
steel electrodes for afferent nerve stimulation. Elec-
trodes .were made from insect pins (size 00) and "insulated 
with Insl-X (Insl-X Products Corp.) except at the ~ips. 
Small mineral oil pools were made around the exposed nerves 
to prevent drying. A coaxial electrode (David Kopf, 0.2 mm 
OD) was placed on the surface. of the dorsal root entry zone 
for afferent nerve stimulation of the cervical spinal cord. 
Rectangular electrical stimuli were applied by means of 
f 
squarewave stimulators (Grass S44, S48) and a stimulus 
isolation unit (Grass SIUS). Stimulation parameters were 
monitored· with a differential oscilloscopG (Tek·troriix 561A 
with p. 3A3 differential amplifier). 
C. Recording Procedure 
1. Blood Pressure Recording 
Blood pressure was recorded from the cannulated 
femoral artery with a pressure transducer (Statham P23Db) 
.. 
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and a Harvar~ iecording apparatus. ·The catheter was made 
from polyethylene tubing (ID 0.045", OD 0.062") fitted 
over an 18 gauge needle. The arterial cannula was in-
serted into the femoral artery to the level of the lower 
aorta. Mean blood pressure was taken as diastolic pressure 
plus one-third of the puls~ pressure.~ 
2. Sympathetic Nerve Recording 
Sympathetic nerve activity was recorded from the 
preganglionic fibers of the cervical sympathetic trunk. 
The cervical vagus and sympathetic trunk was cut just 
caudal to the superior cervical ganglion and freed from 
·surrounding tissue. A lateral incision on the neck was 
made and the skin flaps were tied to the side bars of the 
mounting apparatus to form a mineral oil pool. The caudal 
end of the cut nerve was pulled into the p'ool and laid over 
a small dental mirror. The sympathetic nerve was separated 
from the vagus and cardiac d~pressor nerves with the a~d 
of a dissecting microscope and a pair of fine forceps. 
Positive identification of sympathetic trunk was made by 
the presence of spontaneous activity and reflex evoked 
• 
activity following peripheral nerve stimulation. Usually, 
the vagus and cardiac depressor nerves showed highly syn-
chronous activity with respiration and heart rate, respec-
tively. O~ce the sympathetic preganglionic nerve was 
identified and .separated, the nerve was desheathed with 
·fine scissors. The desheathed sympathetic nerve was 
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divided carefully with two pairs of fine forceps until 
~everal spontaneously active pnits were found. Sympathet-
ic unit activity was recorded fro~ the nerve by using a 
pair of stainless steel bipolar electrodes (5 mm apart) 
and amplified by an A-C amplifier (Grass P-9AC) w~th half 
amplitude frequencies set at 10 Hz and 2 KHz. This am-
plified signal was·then fed into a window di~criminator 
(57). The window discriminator sends a standard output 
-pulse whenever the peak amplitude of the nerve impulses 
is between the lower and upper window settings. The win-
dow discriminator output signal and time histogram of the 
i ~ window output were displayed on the Harvard recording ap-
&· 
&. 
rN paratus and stored on a tape recorder {Precision Instru-
~ ment PI-6200) for later analysis .. The sympathetic unit 
r-
activity and window discriminator output signals were. 
it, 
' r. 
'. 
monitored simultaneously on an oscilloscope (Tektronix 
Dl3) • Figure 1 shows the arrangement of the stimulating 
and recording devices. 
D. Lesion and Histology 
Spina], cord lesions were made with fine scissors 
under the dissecting microscope. The lesions were grad-
ually enlarged until a satisfactory change in the response 
could be obse.rved. At the end of the experiment, the 
· portion of the spinal cord containing lesions was immersed 
in 10% formalin fixative solution. Subsequently, 20 lJID 
serial sections were cut and stained with hematoxylin and 
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FIGURE 1 
LEGEND 
A schematic diagram showing the instruments used 
fo·r stimulating and recording nerve activity. SIU: Sti-
mulus isolation unit. 
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eosin. A Leitz microscope with an Orthoplan draw'ing at-
' tachment was used to reproduce the area of the lesion. 
' A drawing of the limits of the lesion was constructed by 
overlapping serial spinal cord sections. 
E. Data Analysis 
+ Data are expressed as mean - Standard error of the 
mean. Statistical analysis was performed with the Student 
.unpaired-t test (19). P values of less than 0.05 were con~ 
sidered to inpicate statistical significance. 
F. Computer Analysis • 
A Digital PDP-12 computer was used to analyze the 
data in one experimeRtal series. Two channels of tape re-
corded analog information were simultaneously played back 
to the computer for the generation of a poststimulus time 
histogram (PSTH). The first channel received the stimulus 
signal which directed the computer to start ~ new PSTH 
sweep through its 100 bins. Bin size was variable from 1 
to 4095 msec therefore giying a wide range in PSTH times 
from 100 msec to 409.5 sec. Delay logic was added to the 
trigger channel so that triggers received within one 
second of an accepted trigger would be rejected. Thus, 
stimulus trains of any frequency less than one second in 
duration could be used as a PSTH trigger without early 
resetting of the sweep. This delay, however, increased 
the minimum PSTH time from 100 msec to 1 sec. 
The second channel received the response sigfial. 
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Whenever a channel 2 ·trigger was accepted, a count of one 
was· added to the corresponding bin number of elapsed time 
~rom the accepted channel 1 or stimulus trigger. Response 
e~ents occuring beyond the lOOth bin did not contribute to 
the PSTH but were counted. Therefore, the operator c~uld 
successively increase the bin width UQtil no response 
spikes were I6st if so desired. 
The number of sweeps· read in to build the PSTl;l. was 
se~ectable. In some cases it was necessary to generate a 
single PSTH from different tape-recorded data. This was 
readily accomplished by selecting an add to P'STH mode in 
the computer program. 
The completed PSTH was plotted on the cathode ray 
tube as the bin contents and as a function qf bin number 
. 
(or time) . Full scale calibrations were selectable as 
~ either 50 or 100 counts on the Y-axis and 50 or 100 bins 
bn the x-axis. The scaled plot could then be transferred 
- to a hard~copy plot as generated on a CALCOMP digital plot-
ter. Appropriate digitalvalues could also be printed out 
on the teletype and included the contents of each bin plot-
• 
ted,· the number of cycles added together, the number of 
pulses rejected, bin size in msec, etc. 
CHAPTER IV 
RESULTS 
A. Blood Pressure Study 
The initial study of the ascending pathway for the 
t somatosympathetic reflex was) performed by observing blood 
~ 
~ r. pressure responses to afferent nerve stimulation. The car-
f_ 
~,· 
~ diovascular system has been exten~ively used as an effector 
organ for the study of the somatosympathetic reflex. There-
fore, the findings can be readily compared with earliei 
investigations. 
Bilateral vagus nerves were cut to eliminate vagal 
induced changes in heart rate and blood pressure. Blood 
pressure changes during afferent nerve stimulation were 
observed and compared before and after various lesions of 
the spinal cord. + Data are expressed as mean - standard 
error of the maximum change in mean blood pressure elicited' 
by stimulation of afferent nerve fibers. 
1. Determination of Stimulus Parameters 
In order to determine the appropriate stimulus 
parameters, the dorsal roots (L7 and Sl) qf three cats were 
cut, and one or two rootlets were stimulated peripherally 
while monitoring antidromic compound action potentials from 
40 
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the sural nerve. This procedure was used to determine the 
activation threshold of dorsal root fibers. Activation 
thresholds (T) of afferent C fibers (conduction velocity 
c 
less than 2 m/sec) ranged from 3 to 5 V with a 1 msec 
stimulus· duration. The form of the compound action poten-
tial d1d not change when the stimulus intensity was increas-
ed beyond 2 T (two times the C fiber threshold), suggest-c . 
• . ,J irig that 2 Tc 1s a supramax1mal stimulus intensity for all 
fiber groups. Therefore, a stimulus intensity of 10 V 
with a 1 msec duration, which is at least· 2 T , was chosen 
c. 
for dorsal root stimulation. This stimulus intensity ac-
tivated all fiber groups which affect blood ~ressure,in-
eluding C fibers. 
The frequency of the stimulus_ was varied depending 
on the experi~ental conditions. The stimuli were applied 
for 20 sec because usually about 15 sec '\vas required for 
blood pressure responses to be stabilized. 
2. Localization of Ascending Pressor Pathways. 
a. Cervical Spinal Cord Study 
Laminectomies were performed at the C2 to C7 seg-
ments of the spinal cord. A David Kopf coaxial electrode 
was placed on the surface of the C6 dorsolateral sulcus 
(DLS) for afferent nerve stimulation because of the short 
dorsal roots in this area. 
Prior to any stim~lation, a lesion was made in ·the 
ipsilateral dorsolateral funiculus (DLF) cahdal to the 
42. 
,. stimulating site. This procedure prevented direct activa-
tion of the descending sympathetic pathway, since. the 
descending sympathetic pathway was localized in the DLF 
.• (25, 30, 39). To verify this lesion, the DLF was stimu-
lated (50 HZ, 10 V, 1 msec) caudal and rostral to the 
lesion. DLF stimulation rostral to the lesion did not 
produce an increase in blood pressure whereas stimulation 
caudal to the lesion resul te~d in a marked increase in blood 
pressure (25). 
Figure 2A shows an example of blood pressure res-
ponses during the stimulation of the cervical spinal·cord. 
A pressor response of 50 mmHg was observed when the sur-
face of the DLS at C6 was stimulated at a frequency of 
50 Hz. This pressor response was abolished by bilateral 
lesions in the portion of the spinal cord surrounding the 
DLS (DLS area) placed more than three segments rostral to 
the stimulating site. Stimulation of the DLS rostra1 to· 
the lesion elicited a pressor response of 50 mmHg. Figure 
2B summarizes the data from seven cats. Pressor responses 
to control stimulation (32 ± 6 mmHg) were signifi9antly 
different (P<0.002) from the responses to identical stimu-
. + 
lation foliowing bilateral lesion of the DLS area (-2 -
2 mmHg) . DLS stimulation rostral to the lesion elicited 
pressor responses 28_:!: 6 mmHg) whici:t were significantly 
different (P<0.005) from stimulation caudal to the lesion 
but not significantly different (P<0.5) form control. 
!-. j 
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FIGURE 2 
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FIGURE 2 
LEGEND 
' Functional localizati6n o£ ascending pre~sor path-
ways. A: blood pressure tracings during stimulation 
(50 Hz, 10 V, 1 msec) of cervical dorsolateral sulcus 
·(DLS) . Pressor response (Control) to· C6 DLS stimulation 
was abolished by placing b1lateral lesions in C3 DLS area 
(Caudal). Stimulation of C2 DLS (Rostral) still elicited 
·a pressor response. Solid bars abo.ve blood pressure trac-
ings indicate stimulation periods. B: averaged effects 
ort blood pres~ure from 7 cats. · Prestimulus basal blood 
pressure levels for Control Stirn., Caudal to D~S, and Ros-
tral to DLS were 127 + 9, 11-9 + 7, and 120 + 8 mmHg, res-
pectively. c: averaged blood-pressure changes .during L 7 
.dorsal root.stimulation (50 Hz, 1~ V, 1 msec) from 12 cats. 
Bilateral DLS area lesions were made.at L3- L4. Prestimu-
lus basal blood pressure levels for Control Stim.,,Caudal 
to DLS, and Rostral to DLS·were 113 + 6, 106 + 4, and 
107~4 mmHg, respect1vely. Data are expressed as mean 
+ SE-of the change in mean blood pressure for both B and 
E. Dots indicate a significant difference from responses 
to stimulation caudal to lesions in DLS.area· (solid bars). 
b. Lumbar Spinal Cord Study 
To avoid involvement of descending sympathetic 
pathw~ys and the possibilit~ of current s~read withiri 
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the spinal cord, responses to lumbar dorsal root stimula-
tion were investigated. Laminectomies were performed at 
the L2 and 52 segments of the spinal cord. The. central cut 
end of dqrsal roots· {one or two rootlets) \vere placed on 
the stainless steel bipolar electrode for afferent Derve 
stimulation. Figure 3 diagrammatically indicates a portion 
of lumber spinal cord to which the stimulations and lesions 
were applied in this study. The L 7 dors·al roots were stim-
ulated with a frequency of 50 Hz, and bilatera1 lesions 
were made in the DLS ~rea between L3 and L4. Figure 2C 
summarizes these results. Blood pressure responses were 
similai to those noted with stimulation in the cervical 
spinal cord. Control stimul~tion resulted in a 37 ± 4 
mmHg increase in pressure. Following bilateral lesions 
of the DLS area, identical stimulation elicited a fall in 
blood pressure of -:-4 ± 2 mntHg. Stimulation of another 
dorsal root (L3) rostral to the lesions increased blood 
+ pressure 31 - 6 mmHg. Responses after bilateral lesions 
• 
were significantly different from responses to control 
stimulation (P<O.OOl) and to stimulation rostral to the 
lesions (P<0.002). 
It can be concluded from the experiments illustrated 
by Fig~ 2 that there are ascending pathways in the DLS 
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FIGURE 3 
DORSAL ROOT STIHULATION OF LUMBAR 
SPINAL CORD 
ROOTS 
OLF LESION 
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·FIGURE 3 
A d1agrammatic drawing of the lumbar spinal cord. 
L7 dorsal roots were stimulated while lesions were placed 
between L3 and L4. Dotted lines indicate the site of le-
sions. 
48 ' 
region of the cervical and lumbar spinal cord which mediate 
. 
pressor responses to afferent nerve stimulation. 
3·. Localization of Ascending Depressor Pa.thways 
After lesions were made in the ascending pressor 
pathways, depressor responses became obvious when lower 
stimulus frequencies were applied. Localization of ascend-
ing depressor pathways were investigated by recording blood 
pressure responses during L/ dorsal root stimulation before 
and after l~sions in selected parts of the spinal cord. 
Figure 4A shows the pressor response (25 mmHg) to low fre-
quency stimulation (5 Hz) of the L7 dorsal root pri'?r to 
the lesions (control). Following placement of bilate+al 
lesions in the ascending pressor pathways in the DLS area, 
identical stimulation elicited a depressor response of 
-20 mmHg. This depressor response was abolished by addi-
tional bilateral lesions in the D~F ~hree segments rostral 
to the L 7 dorsa·l root. Results from 10 ·animals are sum-
marized in Fig. 48. With an intact spinal cord, L7 dorsal· 
root stimulation elicited a preSsor response of 30 ± 6 
mmHg. This was shifted to a depressor response' of ~13 ± 
2 mmHg after bilateral lesions in "the DLS area. The de-
pressor response was abolished (1 ± 2 mmltg) after bilateral 
lesions in the DLF, and the difference was highly signif-
icant (P<O.OOl). 
Data from Fig. 4 indicate the presence of ascending 
depressor pathways in the DLF which are anatomically 
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FIGURE 4 
LEGEND 
Functional localization of ascending depressor 
pathways. A: blood pressure responses to L7 dorsal root 
·stimulation at low frequency (5Hz, 10 V, 1 msec). Pres-
sor response to stimulation (Control) was shif:ted to a 
depressor response following bilateral lesions of L3 dorso-
lateral sulcus area (DLS). This depressor response was 
abolished by additional dorsolateral funiculus lesions 
(DLS & DLF). Solid bars.above blood pressure tracing in-
dicate st1mulation periods. B: averaged responses of A 
from 10 cats. Data are expressed as mean + SE of change in 
mean blood pressure, wherea~ dots indicate-a significant 
difference from response to stimulation after lesions in 
DLS area (stippled bar) • Prestimulus basal blood pressure 
levels for Control, DLS, and DLS & DLF were 117 + 6, 107 + 
5, and 108 + 8 mmHg;-respectlvely. 
' 
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separate from ascending pressor pathways. 
4. Histological Examinat~on of Spinal Cord Lesions 
The spinal cord lesions of the DLS area and DLF 
were examined histologically in each of the five cats. 
Figure 5 diagrammatical+y illustrates the spinal cord 
lesions of the DLS and DLF. 
5. Bilateral System ' 
In order to determine whether the ascending pres-
sor pathways are bilateral or unilateral ~ystemsi a com-
parison was made between the effects of unilateral and 
bilateral DLS lesions in eight cats, as shown in Fig. 6. 
Responses to L7 dorsal root stimulation (Fig. 6A) with 
50 Hz following an unilateral lesion of DLS area (18 ± 
3 mmHg) were significantly different (P<0.002) from con-
+ trol stimulus responses (29 - 3 mmHg) . Identical stimula-
+ tion resulted in a slight fall in blood pressure (-1 - 1 
mmHg) following bilateral lesions of the DLS area. These 
responses were significantly different (P<O.OOl) from 
those elicited following unilateral lesion, suggesting 
that the ascending presso.r pathways are bilateral. 
A similar approach was made to learn whether as-
cending depressor pathways are bilateral or unilateral 
systems. Pressor responses were eli~inatecl by bilateral 
lesions in the ascending pressor pathways in the DLS area. 
·stimulation frequency of 2Hz was chosen in this study 
f 
because the maximum depressor responses can be obtained 
FIGURE 5 
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FIGURE 5 
LEGEND 
Schematic drawings of le.sion in dorsolateral sul-
cus area (DLS) and dorsolateral funiculus (DLF) between 
L3 and L4 spinal cdrd of five different cats. Different 
shapes of the spinal cord are due to histological proce-
dures. 
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FIGURE 6 
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FIGURE 6 
LEGEND 
Evidence for bilateral organization of ascending 
. pressor and depressor pathways. Data are expressed as 
mean + SE of change in mean blood pressure, and dots in-
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dicat~ a significant aifference from response to stimula-
tion after unilateral. lesion (stippled bar). A: com-
parison. of pressor responses to unilateral and bilateral 
lesions of dorsolateral sulcus area. L7 dorsal.roots 
were stimulated (50 Hz, 10 V, 1 msec) in 8 cats, whereas 
lesions were·made at 'L3 ._ L4 spinal cord. Prestimulus -
·basal blood pressure levels for Control Stirn., Unilat. 
Lesion, and Bilat. Lesion we·re 127 + 6, 120 + 6, and 119 
+ 6 mmHg, respect1vely. B: comparison of d~pressor res-
ponses to unilateral and bilateral lesion of ascending de-
pressor pathways. Pressor pathways were cut £or coritrol 
stimulation to eliminate pressor responses.· L7 dorsal 
roots were stimulated (2 Hz, 10 V, 1 rilsec) in 8 cats, 
whereas lesions were made at L3 - L4 spinal cord. Pre-
stimulus basal blood pressure levels for Control Stirn., 
Unilat. Lesion, and Bilat. Lesion were 108 + 4, 108 + 7, 
··and 111 '+ 7 mmHg, respectively. 
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at this frequency (see Fig. 7). Stimulation of the L7 
+ • dorsal .root elicited a depres·sor response of -20 - 2 mmHg. 
Following a unilateral lesion in the DLF, the ~epressor 
'response was significantly (P<0.005) attenuated to -11 
+ . 
- 3 mmHg. This depressor response was abolished (1 + 2 
romHg) by bilateral DLF lesion (P<0.005). 
' 
It can be concluded from Fig. 6 thai ascending 
pressor and depressor pathways are both bilateral. Fur-
thermore_, a small pressor response was observed frequently 
when the bilateral DLS area lesions were placed less than 
three segments rostral to the stimulated dorsal root. 
Horeover, the depressor response was not abolished com-
pletely when the bilateral DLF lesions were placed less 
than three segments rostrally. This may suggest that 
decussation to the contralateral side is extended three 
segments rostral to the site of dorsal root entry for 
both pressor and depressor pathways. The blood pressure 
response data after unilateral lesion were collected from 
eight cats, six ipsilateral and two contralateral lesions. 
because these collective values were not significantly 
different from the value of six ipsilateral lesions alone. 
6. Response of the Pathways to Stimulation at Dif-
ferent Frequencies 
Figure 7 summarizes the effects of different stim-
ulus frequencies in 10 cats. When L7 dorsal roots were 
stimulated at frequenc.ies of 50, 5, 2, and 1 Hz, the blood 
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FIGURE 7 
BLOOD PRESSURE RESPONSES FOR VARIOUS 
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FIGURE 7 
LEGEND 
Blood pressure changes to atferent ne~ve stimula-
tion at different frequencies. L7 dorsal roots were stim-
ulated at 4 frequencies (50, 5, 2, and 1 Hz) in 10 cats 
(Control Stirn.). Stimulations were repeated after bi-
lateral lesions in dorsolateral sulcus area (DLS) and 
after both dorsolateral sulcus area and dorsolateral 
funiculus lesions (DLS and DLF) • Data are expressed as 
mean + SE of change in mean blood pressure, whereas dots 
indicate a significant difference from response to stimu-
lation after DLS lesion (sti_ppled bar). Prestimulus basal 
blood pressure levels for Control Stirn., DLS, and DLS and 
DLF were 117 ~6, 107 ~5, and 108 + 8 mmHg~espectively. 
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pressure changes were 39 + (, 30 ~ 6, 4 ~ 7, and -12 + 5 
mmHg, respectively. After bilateral lesions in the DLS area, 
responses changed to -7 + 2, -13 ~ 2, -16 ~ 3, and -14 + 2 
mmHg for the same corresponding frequencies. These values" 
were signific~ntly different from the control values for 
the stimulus frequencies of 50 (P<O~OOl), 5 (P~O.OOl), and 
2(P<0.05) Hz but not significantly different fdr 1Hz (P> 
0.5). After additional bila-teral lesions in the DLF, blood 
pressure changes were 2 + 2, 1 ~ ·_2, 3 + 1, and 4 + 2 nunHg 
for frequencies of 50, 5, 2, and 1 Hz, respectively. These 
were significantly different (P<O.Ol) fro~ the·responses 
after DLS area lesions alone at all frequencies tested. 
· Blood pressure responses to the stimulation of 
dorsal roots (which contain both pressor and depressor 
nerve fibers} change more prominently in the high than 
in the low frequency range when lesions.were made in the 
pressor pathways. This suggests that pressor pathways 
have high opti~al frequencies of activation. On th~ other 
hand, depressor pathways have low optimal frequencies of 
activation as indicated in Fig. 7. 
B. Neurophysiological Study 
Confirming evidence of the localization of ~scend­
ing pathways. for the sornatosympathetic reflex was obtained 
by neurophysiological study. In addition to the vagotomy, 
the carotid sinus nerv~s were sectioned bilaterally to 
prevent baroreceptor reflex changes in sympathetic nerve 
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activity. Completeness of carotid sinus denervation was 
judged by the absence of a pressor response to bilateral 
carotid artery occlusion. 
Figure 8 diagrammatically•illustrates the expe-
rimental arrangement. A laminectomy was performed at the 
level of Tl2 and Tl3. The common peroneal and superfi-
cial radial nerves were cut and stimulated centrally. Sym-
pathetic nerve activity (SNA) was recorded from a total 
of 28 preparations (each preparation contained several 
spontaneously active fibers) of the cervical sympathetic 
trunk in five cats. 
. 
An example of nerve activity and window setting of 
the window discriminator device is shown in Fig. 9. This 
particular recording contained two spontaneously active 
sympathetic units within the window setting which can be 
distinguished by the amplitude of the nerve impulses. The 
window discriminator sends an output to the oscillograph 
> 
whenever the peak amplitude of the nerve impuls.es is be-
tween the lower and upper window settings. 
This method allowed observation of changes in SNA 
during stimulation of peripheral nerves .. £oth superficial 
radial and common peroneal ner~es were stimulated for each 
_preparation, and spinal cord lesions were made at Tl2. 
Since the radial nerve enters the spinal cord above the 
lesions, the response to rad~al nerve stimulation was used 
as a control for preparation responsiveness. Since ·the 
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FIGURE 8 
PREPARATION FOR NEUROPHYSIOLOGICAL STUDY 
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FIGURE 8 
LEGEND 
The arrangement of the recording and stimulating 
nerves for the neurophysiological study. The. unit activ-
ity was recorded from the cervical sympathetic trunk while 
the superficial radial and common peroneal nerves were 
stimul~ted. Spinal cord lesions were made at Tl2 level. 
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FIGURE 9 
NERVE ACTIVITY AND WINDOW DISCRIMINATOR SETTING 
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FIGURE 9 
LEGEND 
Actual nerve activity (NA) recording and window 
discriminator level setting. Whenever the nerve impulse 
peak amplitude was between lower window (LW) and upper 
window (UW) , windovl discriminator device produced a win-
dow output pu1se (WO) which·was displayed on oscillograph. 
This is ~ picture of a single ~weep taken from a stora~e 
:Qscilloscope. · 
• • 
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cor.d lesions were made below the major sympathetic spinal 
I 
outflow and above·the portion of the cord where the pero...: 
neal nerve enters, variations in SNA during stimulation 
' 
of the peroneal nerve before and after spinal cord lesions 
should be due to interruption of the ascending pathways in 
the spinal cord. 
Figure 10 shows changes in SNA of the cervical Sym-
pathetic trunk during stimuloation of the superficial raqial 
' 
and common peroneal nerves in the various experimental con-
ditions in three different recording preparations. The 
lower tracings are the window output displays which in-
dicate sym~athetic nerve impuls~s with peak amplitude 
within the window setting, and the upper tracings are time 
histograms of the window output. A stimulus frequency of 
10 Hz was used in all experiments. In the control ex-
periment, stimulation of·both radial and peroneal nerves 
increased SNA. A recording was made from another prepara-
tion after bilateral DLS area lesions at the level of Tl2. 
Stimulation of the radial nerve increased SNA, whereas SNA. 
decreased during the Stimulation of the peroneal nerve. 
After additional bilateral DLF lesions at Tl2 a recording 
from another preparation showed that the SNA increased 
du~ing stimulation of the radial nerve, whereas it did not 
change during stimulation of the perGneal nerve. Statis-
tical analysis was made from 28 recording preparations as 
shown in Fig. 11. The data are expressed as percent of 
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FIGURE 10 
CHANGES OF SYHPATHETIC NERVE ACTIVITY 
BEFORE AND AFTER SPINAL LESIONS 
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FIGURE·lO 
LEGEND 
An example of sympathetic unit activity during 
peripheral nerve stimulation. Records were taken from 
three different multifiber preparations (CONTROL, DLS, 
DLS AND DLF, each). Lower tracings are' window output 
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of window discriminator device which indicate nerve im-
pulses with·peak amplitude between upper and lower win-
dow setting. Upper tracings are frequency histograms of 
window output. Histogram samp·les are taken every previous 
4 sec interval, and calibrations indicate number of im-
pulses. Black bars under histogram indicate stimulation 
periods .. Stimulus frequencies were 10 Hz. Note that 
response looks greater in lower panel but actual percent 
change remains similar.· This is due to different levels 
of spontaneous activity. CONTROL, stimulation of radial 
and peroneal nerves before making any lesion. DLS, 
stimulation after bilateral lesions of DLS at Tl2. DLS 
AND DLF, stimulation after additional lesion of DLF bi-
laterally at Tl2. 
• 
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FIGURE 11 
STATISTICAL ANALYSIS OF SYMPATHETIC NERVE ACTIVITY 
BEFORE AND AFTER SPINAL LESIONS 
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FIGURE 11 
LEGEND 
Statistical analysis of sympathetic nerve unit 
activity during peripheral nerve stimulation (10 Hz). 
Data are expressed as mean + SE of percent sympathetic 
nerve activity during stimulation compared to prestimu-
lus (spontaneous) activity. One triangle indicates no 
significant difference between two values at level of 
P·>O .5. Two triangles indicate significant difference 
at level of P<O. 0001. Number of multifiber prepara-
tions recorded in each experi~ent is shown at bottom. 
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prestimulus (spontaneous} SNA. These values were-obtained 
by comparing the areas under the·time histograms for a 
given time interval before and during the period of stimu-
lation. Recordings were made from six preparations before 
any lesion (control). Stimulation of the radial and pero-
neal nerves increased the SNA to 241 + ~3% and 256 + 28% 
of the spontaneous activity, respectively, and thes·e res-
ponses were not significantly different from each other. 
(P>0.5). After bilateral DLS area lesions at Tl2~ record-
ings from ten preparations showed that the SNA increased 
to 2 35 ±. 2 7% during radial nerve stimulation'' 'but peroneal 
nerve stimulation caused a decrease in SNA to 45 + 7% of 
spontaneous activity. Additional DLF lesions were placed 
bilaterally at Tl2. Recordings from 12 preparations 
... 
showed little or no change in SNA (96 + 4%) duting stimu-
lation of the peroneal nerve; but SNA increased (239 ±. 20%) 
during radial nerve stimulation. Increases in SNA during 
stimulations of the radial nerve were consistent (CONTROL, 
DLS, and DLS AND DLF). Therefore, it can ·be concluded that 
the variation of SNA during stimulation of the per·oneal 
nerve under different experimental conditions is due to 
the intct:-ruption of .:1scending pathw.:1ys in the spinal cor:d. 
These data confirm the localization of ascending pressor 
and.· dep·ressor pathways in the bilateral .DLS area and DLF, 
respectively. 
Without exceptiori, blood pressure responses agreed 
' 
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well with SNA throughout the experiment. The marked paral-
lelism of SNA and blood pressure responses under different 
experimental conditions suggests that the ascending pres-
sor and depressor pathways are a spinal ascending limb of 
the somato.sympathetic reflexes. That is, the ascending 
pressor pathways are sympathoexcitatory and the ascending 
depressor pathways are sympathoinhibitory pathways. 
C. Ascending Spinal Pathways for Sympathetic A and 
C Reflexes 
The dual nature of the ascending spinal pathway 
for the somatosympathetic reflex has been established in 
the preceding section. That is, pressor and depressor 
responses are mediated ,bY separate ascending pressor and 
d~pressor pathways in the spinal cord. On the other hand, 
it has been known that stimulation of the peripheral af-
ferent A and C fiber groups are responsible for depr~ssor 
and pressor responses, respectively. Therefore, the pos-
sibility of the selective activation of the ascending 
spinal depressor and pressor pathways by afferent A and C 
fibers was tested using the characteristics of the sym-
pathetic A and C reflexes. 
Th€ animal preparation and experimental procedures 
were exac:;tly the same as the neurophysiological study ex-
cept for the stimulus parameters. Sympathetic unit activ-
ity ~as recorded from the cervical sympathetic trunk while 
stimulating the cut central end of the common peroneal nerve. 
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The sympathetic unit activity was ampli.fied and 
fed into the window discriminator device from which out-
put pulses were stored on a.tape recorder. Poststimulus 
time histograms (PSTH) were plotted by a computer. Fig-
ure 12 shows an example of single sweep of nerve activ-
ity, window discriminator output and plotted PSTH. Usu-
ally, 30 successive stimuli w~re added to form a histogram. 
Sympathetic A and C reflexes~ and the following silent 
periods were compared from the histograms before and after 
lesions of the ascending sympathetic pathways in the spi-
nal cord to see the relationship betwe~n the asc~nding 
sympathetic pathways and the A and C reflex pathways. 
1. Determination of.Stimulus Parameters. 
The combinations of the stimulus parameters were 
determined to satisfy the following criteria. First, sym-
pathetic C reflex could be optimally elicited. Second( 
sympathetic A and C reflexes could be .alternatively elicit-
ed. Third, the silent period as well as reflexly evoked 
activity could be observed. 
a. Intensity 
The sympathetic C reflex is known to be optimally 
elicited by stimulation of a peripheral nerve with a short 
pulse train of suprathreshold intensity to the C fibers 
(51, 52, 85). Figure 13 shows sympathetic A and C reflex-
es elicited by stimulation of the peroneal nerve with 
various combinations of stimulus parameters. Stimuli were 
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. FIGURE 12 
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FIGURE 12 
LEGEND 
An example of a poststimulus time histogram plot. 
TWo pulses were delivered in a train at arrdws. This sin-
gle sweep picture was taken from a storage oscilloscope. 
The window output was stored on a tape recorder and the 
pos.tstimulus time histogram w~s later plotted by computer. 
Bin size was set at 10 msec and total sweep time was 1 
sec .. UW, upper window. LW, lower window. NA, nerve ac-
tivity. WO, window output. HIS, poststimulus time his-
togram. ·· 
FIGURE 13 
STH1ULUS PARAMETERS FOR SYHPATHETIC 
A AND C REFLEXES 
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FIGURE 13 
LEGEND 
Sympathetic A and c reflexes elicited by various 
combinations of. stimulus parameters. For the same prep-
aration, single and train stimulations were applied to 
the peroneal nerve at arrows with intensities which were 
sup~a- and subthreshold for c fibers. Stimulus frequen-
cies were 0.3 H~. All the histograms are formed by 30 
successive stimuli. Tc, intensity of activation thres-
hold for C fibers. Imp, number of impu~ses per bin (30 
msec) • 
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applied eve.ry. 3. 3 sec. Sympathetic A and C reflexes were 
elicited simultaneously only by train stimulation with 
suprathreshold intensity for the C fiber group. Only the 
A reflex was elicited by any other combinations of stim-
ulus parameters. Therefore, single pulses or trains of 
pulses with a suprathreshold intensity for the C fibers 
were used in the present exp.eriment to elicit sympathetic 
A or simultaneous A and C reflexes, respectively. 
Stimulus intensity, number of pulses in the train 
and pulse frequency were adjusted at the beginning of each 
experiment to elicit a maximum C reflex; these stimulus 
parameters were maintained throughout the experiment. At 
the end of the experiment, the activation threshold of C 
fibers was determined in five cats by recording compound 
action potentials from a segment of the peroneal nerve 
while stimulating at one end. Figure 14 _shows an example 
of this recording. A stimulation which was subthreshold 
to C fibers elicited an A volley response (Fig. 14A). A 
late C volley was elicited by high intensity stimulation 
(Fig. 14B). When a train of two or three pulses were de-
livered, each stimulation was followed by a C volley res-
ponse (Fig. l~C and D). Stimulus parameters used in the 
present experiments had intensities of 3 to_4 Tc' 2 to 3 
pulses in a train and 20 to 30 Hz pulse frequency. 
b. Stimulus Frequency 
Figure 15 shows the sympathetic reflex activity 
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FIGURE 14 , 
AFFERENT A AND C VOLLEYS 
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FIGURE 14 
LEGEND 
Examples of compound action potentials from a seg-. 
ment of the peroneal nerve. Compound action potentials 
were recorded from one end of a desheathed segment of the 
peroneal nerve while stimulating the other end. The dis-
tance between the stimulating and recording sites was 4 
em. Recordings were made by a pair of bipolar stainless 
steel electrodes with an AC amplifier with a 'half ampli-
tude frequency setting of 0.2· Hz and 2 KHz. Single pulse 
stimuli (1 msec duration) were delivered at arrows·. Stim-
ulus intensities were lV an A and 10 V in B, C and D. 
Activation thresholds \-lere about 50 mV and 5 V for the A 
and C volleys, respectively. The A volleys in B, c and D 
were masked by stimulus artifacts. Calibrations: A, 
horizontal 5 msec, vertical .100J.lV; B-D, horizontal 20 
msec, vertical lOO~V. 
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FIGURE.15 
' . 
DETERNINATION OF STIHULUS FREQUENCY 
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FIGURE 15 
.LEGEND 
Sympathetic reflex activity and fo~lowing silent 
periods for three different stimulus frequencies. Re-
cordings were made from same recording preparation while 
three· pulses were delivered in train to the peroneal· nerve. 
All the histograms were formed from 30 successive stimuli 
with bin size set at 30 msec. Imp, number of impulses per 
bin (30 msec). For 1 Hz stimulation (top figurei, no ac-
tivity could be plotted after 1 sec because computer re-
sets every second. 
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and the following silent periods for three different stim-
, 
ulus frequencies. As stimulus frequency decreased, the C 
reflex was attenuated. At the same time, however, the 
duration of silent period became easier to observe because 
the successive stimulus came after the nerve activity had 
recovered to the spontaneous activity level. Therefore., a 
stimulus frequency of 0.3 Hz was.chosen in the present ex-
periment to observe the sileht periods as well as a reason-
able reflex size. 
2. Recruitment of Sympathetic ~ Reflex 
Schmidt and Weller {85) reported a recruitment 
phenomenon of the sympathetic C reflex. The amplit.ude 
and duration of the evoked sympathetic nerve potential 
progressively increased with repeated stimuli to the 
peripheral nerve. A similar phenomenon was observed re-
peatedly in the present experiments. An example is shown 
in Fig. 16. Twenty-five successive s.timuli {two pulses 
each) were applied at a frequency of 0.3 Hz to the peroneal 
nerve, while recording sympathetic unit activity. After 
several minutes, another series of twenty-five stimuli 
was delivered. This procedure was repeated five times for 
the same recording preparation.· Then a series of PSTH 
were computed for the first to third, the seventh·to ninth, 
the thirteenth to fifteenth and the nineteenth to twenty-
first stimuli from each of the five series of stimulations 
{Fig. 16). Using this procedure, the dynamic changes 
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FIGURE 16 
RECRUITMENT OF THE SYMPATHETIC C REFLEX 
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FIGURE 16 
LEGEND 
Recruitment of the sympathetic C reflex. Five se-
ries of 25 stimuli were deliver~d to the peroneal nerve. 
Separate poststimulus time histograms were formed after 
the first to third, the seventh to ninth, the thirteenth 
to fifteenth and the nineteenth- to twenty-first stimuli 
(three stimuli each from five series of stimulation) . 
Therefore, each histogram consists of 15 stimuli. Note 
the difference in size of C reflex. Imp, number of im-
polses per bin (30 m~ec). 
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during the 'initial part 9~ the stimulation period could 
be observed. As the stimulations were repeated, the size 
of the C reflex progressively increased. It required about 
ten stimulations to reach a steady state response. There-
fore, all the data in the present study were collected af-
ter the twenty-first stimulus, that is, after the responses 
reached a steady state. 
3. Latency of Sympathetic A and C Reflexes 
Figure 17 indicates the latency and duration of 
the sympathetic A and C reflexes. All recordings were 
made fr6m the cervical sympathetic trunk about 1 em cen-
tral (caudal) to the superior cervical ganglion. All 
stimulations were applied to the peroneal nerve about 2 
. 
em distal to the bifurcation of the. common peroneal and 
ti.bial nerves. Examples of responses following single 
and train stimulations are shown in Fig. 17A. Only the A 
reflex is present for the single stimulation, whereas ·both 
A and C reflexes are present when the train stimulation 
was applied. ·The averaged response from eight recording 
preparations is graphically shown in Fig. 17B. The sym-
pathetic A reflex began 73 + 5.5 msec and ended 296 + 21 
msec after stimulation. The a·verage latency. of the peak 
or modal response of the A reflex was 158 + 32 msec. The 
sympathetic C reflex, however, began 435 ±.. 21 rnsec and 
ended 889 + 23 msec after the first stimulus in the train. 
' .. _,:; .. ;, -.~-:~'), 
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A. 
lrnp 
B 
>-
u 
z 
w 
1--
<t 
..,J 
0 
86 . 
FIGURE 17 
SYMPATHETIC A AND C REFLEXES 
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FIGURE 17 
LEGEND 
Latency and duration of sympathetic A and C re-
flexes. lj,.: An example of sympathetic A and C reflexes. 
Only the A reflex is present for single pulse stimula-
tion and both A and C reflexes are present for train· 
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·stimulation. The histograms were formed from 30 suc-
cessive stimuli. B: Average latency and duration of 
sympathetic A and C reflexes from eight recording prep-
arations. All recordings were made from the cervical · 
sympathetic trunk about 1 ern caudal (central) to the 
superior cervical ganglion. All stimulations were applied 
to the peroneal.nerve about~ ern distal to the bLfurcation 
of the common peroneal and tibial nerves. The mean laten-
cy of the peak of each reflex is indicated by a single 
dot:. Imp, number of impulses p.er bin ( 30 rnsec) . 
than the A reflex. The average latency of the peak or 
modal response of the C reflex was 632 + 24 msec • 
. 4. Conduction Yelocity 
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Conduction velocities of the somatosympathetic 
reflex in the afferent peripheral nerve and ascending 
spinal pathway were examined in three cats. Evoked com-
pound action potentials were recorded from the whole nerve 
preparation of the cervical "sympathetic trunk while stimu-
lating the tibial nerve. Train stimulations with a supra-
threshold intensity to the C fibers were applied to the 
two different portions of the tibial nerve which were 
separated by 15 to 18 em. The conduction velocity of the 
a'fferent component of the sympathetic C reflex was es-
timated by comparing latencies. It ranged 0.5 to 2.5 m/ 
sec which wa.s in the C fiber conduction velocity range. 
On the other hand, the latency difference between sympathet-
ic A and C reflexes is apparently mainly due to the dif-
ference of the peripheral afferent conduction time (85). 
Therefore, sympathetic A and C reflexes probably have 
similar latency·from spinal cord entry to the sympathet~c 
outflmv. This view was also supported by the observation 
that no delayed C reflex. could be elicited by the dorsal 
root stimulation no matter what stimulus parameters were 
used. 
The conduction velocity of the ascending spinal 
pathway was estimated by stimulating the lumbar and thoracic 
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segments of the spinal cord. Stimuli were applied through 
a coaxial electrode placed on the surface of the dorsal 
root entry zone while reco.rding evoked activity or. single 
unit activity from the cervical sympathetic trunk. Si~ce 
no delayed C reflex could be elicited, sympathetic A and 
C reflexes are assumed to have similar (the difference 
was undetectable by this technique) ~scending spinal con-
duction velocity. The conduction velocity ranged from 5 
to 25 m/sec. 
5. Ascending Spinal Pathways 
The size of the sympathetic A and C reflexes (re-
flexly elicited number of impules), the following silent 
periods and the total nerve activity were ·compared before 
and after lesions of the ascending spinal somatosympathetic 
pathways. Sympathetic nerve activity was recorded from the 
cervical sympathetic trunk while stimulating the common 
peroneal nerve. Spinal cord lesions were made at the Tl2 
segment, caudal to the recorded sympathetic spinal outflow. 
However, these lesions were rostral to the portions of .the 
cord where the peroneal nerve enters. Thus, variations 
in the A and C reflexes during stimulation of the peroneal 
nerve before and aft6r spinAl cord lesions should be due to 
the interruption of the ascending pathways in' the spinal 
cord. 
For each recording preparation, control spontaneous. 
activity was recorded before and after a series of· 
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stimulations. Statistical analyses were made only from 
the recording preparations which contained several spon-
. 
taneously active uniti. 
a. Reflex Size 
'Figure 18 'shows changes in sympathetic A and.C 
reflexes before and after various spinal cord lesions in 
three different nerve preparations. For prelesion control, 
the sympathetic A reflex wa~ elicited by single stimula-
tion, and A and C reflexes were elicited by train stimula-
tion of the peroneal nerve. A recording was made from 
another preparation after the ascending sympathoexcitatory 
~· ~. pathway was cut by placing bilateral DLS area lesions at 
t 
Tl2 spinal cord level. The sympathetic C reflex was no 
longer present and only the A reflex was elicited for both 
single and train stimulations. This remaining A reflex 
was abolished after bilateral lesions of the ascending 
spinal sympathoihhibitory pathways in the DLF. 
In the present experiment, sympathetic recordings 
were made from several spontaneously active preganglionic 
• 
units without knowing the exact number. Consequently, the 
number of units may vary with each preparation even though 
the var{ation is probably small. Recording from a prepara-
tion which contains a larger number of units will have a 
larger reflex than a preparation containing a smaller number 
of units. Therefore, a method of standardization of the 
data was necessary to express and compare the reflex size 
• 
FIGURE 18 
CHANGES IN SYMPATHETIC A AND C REFLEXES 
BEFORE AND AFTER SPINAL LESIONS 
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FIGURE 18 
LEGEND 
Examples of changes in sympathetic A and C +eflex~ 
es before and after various spinal cord lesions. Record-
ings for CON.TROL, DLS and DLS & DLF were taken from three 
different preparations. All the histograms were formed 
from 30 successive stimuli. Bilateral DLS area and DLF 
lesions were made at Tl2 segment of spinal cord. CONTROL, 
prelesion response. DLS, response after bilateral le~ 
sions of DLS area. DLS & DLF, response after additional 
lesions of bilateral DLF . 
• 
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of many preparations which contain different numbers of 
nerve fibers. 
A factor, 'Reflex Index (RI)', was defined as the 
ratio of the frequency of the evoked activity to that of 
the spontaneous activity, multiplied by the duration of 
evoked activity (see detailed description in Appendix A) . 
Then, the RI has units of time and indicates the relative 
size of the refle>< indep.endehtly from the number of re-
corded nerve fibers. 
Figure 19 shows the statistical analysis pf the 
changes of the sympathetic A and C reflexes before and 
after spinal cord lesions. Data were expressed as mean 
+·standard error of the RI in sec .. The sympathetic Are-
flex was elicited by single stimulation. Before making 
any lesion, RI was 1.18 + 0.14 for control stimulation. 
The RI was not significantly changed (1.06 + 0.22) after 
bilateral DLS ~rea lesions at Tl2 but the A reflex was 
abolished by additional lesions in the DLF bilaterally 
(0.10 + 0.12). Sympathetic A and c reflexes were elicited 
by train ·Stimulation. During control stimulation RI val-
' ues were 1.05 + 0.13 and 1.86 + 0.13 for the A and c re-
-• 
flexes, respectively. These two were significantly dif-
ferent (P<O.OOl). The changes of the A reflex component 
were similar to single stimulation responses (0.91 ~ 0.13 
after DLS, -0.03 =!:_ 0.07 ·after DLS & DLF). However, the 
sympathetic C reflex was abolished after bilateral lesions 
FIGURE 19 
STATISTICAL ANALYSIS OF THE SYMPATHETIC A AND C 
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FIGURE 19 
LEGEND 
Statistical analysis of _changes of the sympathetic 
A and C reflexes before and after spinal cord lesion~. 
Data were expressed as mean + standard error of the Reflex 
Index in sec. Number of recorded preparations were indi-
cated at the bottom. Dots indicate a significant differ-
ence from responses after DLS lesions, one dot: P<O.OS, 
two dots: P<O.Ol and three dots: P<O.OOl. 
I' 
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in the DLS are~ {-0.05 + 0.11) and remained so after addi-
tional DLF lesions (-0.17 + 0.05). 
As indicated in Fig. 19 the sympathetic C reflex 
is almost twice the size of the A reflex.-· The C reflex 
is mediated by the ascending ·s·ympathoexcitatory pathway 
in the bilateral DLS area of the spinal cord and the A 
reflex is mediated by the ascending sympathoinhibitory 
pathways in the DLF. 
It is possible that changes in reflex activity 
after selective spinal cord lesions, as seen in Fig. 19, 
may be due to non7specific spinal coxd trauma rather than 
specific pathway cut. To eliminate this possibility, le-
sions were made in reversed order, i.e. DLF lesions first. 
then additional lesions in the DLS area. The confirma-
tion of the result by this reversed sequence of lesion 
also reinforces the conclusion. Figure 20 summarizes 
these results. The RI of the A reflex for single stimu-
lation"was significantly {P<0.05) changed from 1.18 ~ 
0.14 {control) to 0.70 + 0.12 after bilateral DLF lesions 
at Tl2. The A reflex was further decreas·ed to 0. 32 + 0. 04 
after additional lesions in the DLS area. The A reflex 
portion during train stimulation followed n.pattcrn sim-
ilar -to the single stimul~tion responses (1.05 + 0.13 for 
Control, 0.62 + 0.11 after DLF and 0.28 + 0.05 after DLF 
& DLS) . The C reflex portion, however, did not change 
significantly after bilateral lesions of DLF (1.52 + 0.20). 
·' 
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FIGURE 20 
STATISTICAL ANALYSIS OF THE SYMPATHETIC.A AND C 
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FIGURE 20 
Statistical analysis of changes of the sympathetic 
A and C reflexes before and after spinal cord lesions. · 
Same as Fig. 19 except sequence of lesions was reversed. 
Same control values were used with Fig. 19. Dots indicate 
a significant difference from responses after DLF lesions, 
one dot: P<0.05, two dots: P<O.Ol and three dots: P<O.OOl. 
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Additional lesions of DLS area abolished the C reflex com-
pletely to -0.36 + 0.06. 
The results in Fig. 20 indicate again the C reflex 
is mediated mainly by ascending sympathoexcitatory path-
ways in the bilateral DLS area. The results for the A 
ieflex are not as clear since it was not abolLshed com-
pletely by bilateral DLF lesions, although decreased sig-
nificantly. However, the lesion making procedures for 
the DLS and DLF should be considered and compared. When 
DLS area lesions were made, the lesions were progressively 
enlarged until the pressor ·respbnse for the high frequency 
(50 Hz) peroneal nerve stimulation was abolished. This 
was a good functional guide for completeness of DLS area 
lesions. On the other hand, there was no comparably good 
functional guide for DLF lesions. Usually, the depressor 
response mediated by DLF was masked by DLS area·pressor 
response until the pressor pathways were cut. Consequently, 
DLF lesions without cutting pressor pathways were frequent'"" 
ly incomplete. This notion was supported by the observa-
tion that a substantial A reflex persisted after lesions 
of the DLF and DLS area in Fig. 20. In addition to the 
incompleteness of DLF lesions, there may be some overlap-
ping of the pathways. That is, the pathways for the A 
reflex may extend to the DLS area as well. This view was 
supported by the observation of a significant decrease 6f 
the A reflex when DLS area lesions were made after the DLF 
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lesions. 
In spite of some difficulties concerning the A 
reflex in Fig. 20, the general pattern supports the re-
sults of Fig. 19. It cari be concluded from Fig. 19 and 
20 that the sympathetic A and C reflexes are mainly me-
diated l::{y ascending sympathoinhibitory pathways in the 
DLF and sympathoexcitatory pathways in the DLS area, 
respectively. 
b. Silent P~riods 
A silent period followed the sympathetic A reflex 
when a single stimulus was applied to the per·oneal nerve. 
In addition to the A reflex, the C reflex appeared with 
train stimulation and was accompanied by a much longer· 
silent period. In the case of train stimulation, a short 
{usually about LOO msec) silent period was present between 
the A and C reflexes. This silent period was not counted 
in tpe present analysis since the duration between the 
A and C reflexes depended upon the location of the stim-
ulating electrode on the peripheral nerve rather than cen-
tral nervous.structure {b~cause the A and C reflex delay 
is aminly due to the peripheral afferent conduction time) .. · 
Durations of silent periods were measured from computer 
histograms of 30 successive stimuli. Measurements of 
silent periods were somewhat arbitrary. The period which 
l 
has no or very little activity was considered to be the 
silent per~od. The silent. period was considered t'o be 
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started when less than 3 consecutive bins (bin size 30 
msec) contained one action pot~ntial after the reflex ex-
citation. Although the level of activity was not fully 
recovered to the spontaneous level, th~ end of ~he silent 
period was taken when one or more action potentials oc-
curred in three consecutive bins (bin size .30 msec) which· 
eventually preceded the return of spontaneous activity. 
Analyses of silent periods were made·from only the prepara-
tions which showed fairly high spontaneous ~ctivity (2 Hz 
or more) because it was difficult to judg~ the termination 
of silent period in preparations with low spontaneous ac-
tivity. 
Not only the reflex size but also length of the 
silent perio,ds changed after the ascending. sympathoex-
• 
citatory or inhibitory pathways were cut. FigQre 21 shows 
the changes of silent periods after various spinal cor.d 
lesions. For the prelesion control state, analysis from 
seven recording preparations showed that the durations of 
the silent periods were 1101 + 60 msec and 1537 + 104 msec 
for single and train stimulation, respectively. These 
were significantly different at P<O.Ol. For single stimu-
lation, the silent period did not change significantly 
after DLS area lesions (1325 + 141 msec} but almost dis-
appeared after additional DLF le~ions (198 + 85 msec}. 
The silent period decreased significantly after DLS area . 
lesions (1105 + 110 msec) for.train stimulation and again 
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FIGURE 21 
STATISTICAL ANALYSIS OF THE SILENT PERIODS 
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FIGURE 21 
LEGEND 
Statistical analysis of changes of the silent 
periods before and after spinal cord lesions. Data were 
expressed as mean+' standard error of the duration'of 
silent period in sec. Number of recorded preparation 
is indicated at the bottom. The sequence of lesions was 
reversed in Fig. B. Dots indic~te a significant differ-
ence from responses after DLS lesions in Fig. A or after 
DLF lesions in Fig. B, one dot: P<O.OS, two dots:. P<O.Ol 
and three dots: P<O. 001. · 
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almost disapp~ared by additional DLF lesions~ In ~ig 21B, 
the sequence of the lesions was reversed .. After bi~ateral 
DLF lesions, the silent periods were abruptly decreased 
for both single and train stimulations (395 + 72 msec for 
Single Stirn., 395 ~ 81 msec for Train Stirn.). After ad-
ditional DLS lesions, these silent periods were further 
decreased to 198 + 50 msec and 144 + 65 msec for single 
and train st-imulations, respectively. 
It is obvious from Fig. 21 that the major decrease 
of the silent periods occurs whenever DLF lesions were 
made. This suggests the generation of silent period is 
mainly influenced by the sympathoinhibitory pathways in 
the DLF. 
c. Total Nerve Activity 
The reflexly evoked activity as well as the fol-
lowing silent period are changed independently after 
various spinal cord lesions as seen in the previous sec-
tions. These two factors have opposing effects on total 
nerve activity which is the most important factor.for the 
effector organ responses (blood pressure change, etc.). 
Hence, the percent of total number of activity to spon-
taneous activity (mean ~ S.E.) during the stimulation 
period was compared before and after various spinal cord 
lesions in Fig. 22. Total nerve activities for prelesion 
control stimulations were 94 + 5% and 171 + 13% of spon-
taneous activity for single and train stimulations, 
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FIGURE 22 
STATISTICAL ANALYSIS OF THE TOTAL 
NERVE ACTIVITY 
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FIGURE 22 
LEGEND 
Statistical analysis of changes of the total nerve 
activity before and after spinal cord lesions. Data were 
expressed as. mean + standard error of percent total nerve 
activity to spontaneous activity. Total nerve activity 
during stimulation periods was calculated and compared to 
spontaneous activity for equivalent periods. Number of 
recorded preparations is indicated at the bottom. The 
sequence of lesions was reversed in.Fig. B. Dots indicate 
a significant difference from responses in Fig. A or after 
DLF lesions in Fig. B, one dot: P<0.05, two dots: P<O.Ol 
and three dots: P<O.OOl. 
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respectively. The values after bilateral DLS area lesions 
were 73 :!::. 8% for single and 87 + 7% for train .stimulations. 
When additional lesions were placed in the DLF, total 
nerve activities did not change significantly _(94 :!::_ 10% 
for Single Stirn., 99 + 15% for Train Stirn.) from the DLS 
area lesions alone. Figure 22B shows total nerve activ-
ities when the sequence of the lesions was reversed. The 
total nerve activity during -single stimulation increased 
significantly after DLF lesions (142 + 12%) and-came bac~ 
to about control levels by additional DLS area lesions 
(88 + 7%}. For train stimulation, the total nerve activ~ 
ity did. not change significantly (153 :!::. 20%) after DLF 
lesions but decreased significantly by additional DLS 
area lesions ( 94 + 8%) . 
The single and train stimulations are analogous to 
low and high frequency repetitive· stimul~tiohs. Although 
the changes were small, the general pattern of total nerve 
activity agrees with the blood pressure study in Fig. 7 
and the changes of the sympathetic nerve activity in Fig. 
11. The reason for the lack of significant change is 
that the stimulus frequencies in Fig. 22 are not optimal 
frequencies for the increase (pressor} nor decrease (de-
pressor) of th~ sympathetic nerve activity (cf. Fig. 7 
and Fig. 11}. 
CHAPTER V 
DISCUSSION 
A. · Sectional Discussion 
1. Blood Pressure Study 
In the present study the term "dorsolateral sulcus 
area~ is used to describe the location of ascending pres-
sor pathways. Ranson et al. (72, 74) used the term "apex 
of the posterior horn" which excludes the white matter. 
Neither the present nor Ranson's study determined whether 
'the path~'1ays are actually located in the gray or white mat-
ter. 
Ranson and co~workers (72, 74) proposed that pres-
, . 
sor responses to peripheral nerve stimulation are mediated. 
by distinct ascending pathways localized bilaterally in the 
DLS area. Johansson (43), however, failed to confirm 
Ranson's re·sul ts. ·Johansson stimulated the superficial 
peroneal nerve and could not abolish the pres-sor response 
following a lesion of dorsal half of the C3 spinal cord. 
He sugges~ed that afferent spinal pressor pathways are a 
·.rather diffuse system. However, his results were not con-
sistent (Fig. 16 and 20 of ref. 43). The present inves-
.tigation confirms Ranson's results and contradicts with 
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I i 109 Johansson's, i:t:J. that both the lumbar and cervical spinal 
cord have ascending pressor pathways in the bilateral DLS 
regions. 
Ranson and Billingsfey (71) localized bilateral 
ascending depressor pathways in the lateral funiculus. 
However,·Johansson (43) suggested that ascending depressor 
pathways were located in the ventral funiculus. The present 
investigation failed to confirm either result but localized 
ascending depressor pathways in the bilateral DLF~ 
Both DLS area and DLF of the spinal 'Cord contain. many 
ascending and descending p~thways in addition to ascending 
pressor and depressor pathways described in the present 
study. It is important to note that ascending depressor 
pathways described in the present work occupy generally the 
same area as the descending sympathoexcitatory pathways (25, 
30, 39, 40). 
Ascending pressor pathways are more responsive to 
higher stimulus frequencies than ascending depressor path-
ways (Fig. 7) .. Ascending pressor and depressor pathway~ 
compete with each other for final determination of blood 
pressure. responses when dorsal roots are stimulated. Pres-
sor responses dominate at higher frequencies, whereas depre-
sor responses dominate at lower frequencies. 
Dorsal roots were stimulated for the blood pressure 
studies in the lumbar spinal cord because the segmental or-
gal)ization of ascending pathways could be inv~stigated. 
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Afferent fibers from peripheral nerves enter the spinal 
cord at more than one spinal segment, making it difficult 
to investigate segmental organization. 
2. Neurophysiological Study 
Results of the present neurophysiological study 
. 
confirmed the localization of ascending pathways. This 
further suggests that the ascending pressor and depressor 
pathways are a spinal ascending limb for the somatosympa-
thetic reflexes. That is, ascending pressor pathways are 
sympathoexci.tatory, and depressor pathway"s are. sympathoin-
hibitory pathways. Coote and Downman (15), while recording 
evoked responses from renal nerves, reported that the as-
cending spinal pathways for somatosympathetic reflexes are 
in both dorsal horns and the dorsal portions of the lateral 
funiculi. They could not differentiate between the sympatho-
excitatory and inhibitory pathways, since evoked responses 
aloiie do not indicate the level of -spontaneous activity of 
spinal sympathetic outflow.' The present study confirms 
and extends their conclusion. 
3. Ascending Spinal Pathways for Sympathetic A and. c· 
Reflexes 
The sympathetic C reflex was elicited only when 
several stimuli were applied in trains with suprathreshold 
intensities to C fibers, i.e., it required temporal facil-
itation to be elicited. On the other hand, Sate (77) re-
ported that the spinally mediated sympathetic C reflex did 
j 
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not require any type of facilitation. This may suggest that 
the locus which required the temporal facilitation is lo-
cated beyond spinal cord level, presumably in the brain stem. 
Not only the sympathetic c reflex but also many other res- . 
ponses (e.g., medullary reticular formation) require tempo-
ral facilitation from unmyelinated afferent Eibers to be 
activated (68). It is not known whether the sympathetic C 
reflex can be elicited by spacial facilitation or not. This 
question may be answered by simultaneous stimulation of two 
or more peripheral nerves. 
The recruitment phenomenon was originally reported 
by Mendell and Wall (59). They recorded single unit ac--
tivity from axons in the dorsolateral funiculus of the spinal 
cord while stimulating afferent C fibers. The present ex-
periments show the recruitment phenomenon of the sympathetic 
C reflex similar ·to the earlier report of Schmidt and Weller 
(85). It is intriguing that the activation of a neuronal 
net~ork can influ~nce the response even after many seconds 
(20-30 sec). 
Coote and Downman (15} reported that the conduction 
. velocity of the ascending spinal pathway for the somatosym-
pathetic refle~ rariged 2b-30 m/sec. The estimated conduc-
tion velocity in the present experiments ranged 5-25 m/sec 
-. 
which was similar to the results of Coote and Downman. This 
apparently wide variation o£ the conduction velocities is 
not unusual among ascending spinal pathways. As an example, 
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conduction velocities of spinothalamic (89) and spinocer-
vical (11) tracts of cats ranged 9-97 m/sec and 17-103 
m/sec, respectively . 
• 
The latency difference between sympathetic A and 
C reflexes is due to peripheral afferent conduction vel-
ocity differences (85). Therefore, separation between sym-
pathetic A and C reflexes becomes less clear when the stimu-
lation site was closer to th~ spinal coid. For the first 
several cats in the sympathetic A and C reflexes study, the 
radial nerve was stimulated as a control of preparation 
responsiveness. However, these responses to radial nerve 
stimulation were difficult to analyze because the sympathet-
ic A and C reflexes were often fused together due to the 
short af'ferent conduction distance. Hence, the results were 
analyzed only from the peroneal nerve stimulation. 
Results in Fig. 21 indicate that the silent period' 
of the somatosympathetic reflex is controlled mainly by 
the sympathoinhibitory pathway in the DLF which is ac-
tivated by afferent A fibers. Thus, the selective activa-
tion of afferent C fibers alone should result in a short 
silent period. Koizumi et al. (51), while recording mass 
discharges from the renal nerve, reported that selective 
c~citation of affcrcn£ C fibers (after anodal block of A 
fibers) produced no silent peiiod but only the C reflex 
excitation. Their measurements of the silent period are 
not acc~rate .sine~ they recorded mass di~charges rather tha~ 
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single unit activities. The present experiments generally 
confirmed and revised their results, i.e., an additional 
• 
excitation of afferent C fibers produces an. increment of 
silent period which is much shorter than the one for A 
fibers excitation alone (Fig. 21). 
Before any spinal lesion, single stimulation of 
the peroneal nerve elicited a reflex excitation which was 
followed by a silent period.) Total nerve activity (in Fig. 
22) was not significantly changed from spontaneous activity, 
which indicates that the increase and decrease of the sym-
pathetic activity due to the excitation and the silent 
period compromised each other. On the other hand, total 
nerve activity was increased during train stimulation (in 
Fig• 22) despite a longer silent period than during single 
stimuiation. This increased total nerve activity was due 
to the presence of the additional C reflex which was ab6ut 
twice the size of the A reflex (in Fig. 19). The increase 
of activity ·due to the additional C reflex overcame the de-
crease due to the prolongation of the silent period. These 
results suggest that the total nerve activity is determined 
by the relative contributions of the reflex excitation and 
the silent period. Koizumi und co-workers (51, 52) insisted 
that the pressor response (increase total nerve activity) 
elicited by afferent C fibers stimulation is due to reflex 
excitation which was not followed by a silent periodw On 
the other hand, stimulation of afferent A fibers generated 
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a long silent period as well as a reflex excitation result-
ing in a net decrease total nerve activity (depressor res-
ponse) . The results of the present study suggest that both 
' 
the sympathetic A and C reflexes generate silent periods. 
With the sympathetic c reflex, however, the contribution of 
the reflex excitation for the determination of total nerve 
activity is far greater than the contribution·of the silent 
period, resulting in incre~sSd total nerve activity. 
In case of train stimulation, total nerve activity 
was changed significantly only when the DLS area lesions 
were made (in Fig. 22). The fact that a decrease of total 
nerve activity by DLS area lesions occurred in spite of a 
decrease of the si~ent period (in Fig. 21), indicates this 
change of nerve activity was accomplished mainly by the 
abolishment of the C reflex. This suggests that the DLS 
area is the ascending sympathoexcitatory path\vay and the 
sympathetic C reflex pathway as well. 
In Fig. 22B, the totai nerve activity was increased 
during single stimulation after DLF lesions in spite of a 
partial block of the A reflex excitation (Fig. 20). On the 
other hand, the silent period was m~rkedly decreased by DL.F 
lesions (Fig. 21B). Figures 20 and 210 suggest that this 
increase of total nerve activity after DLF lesions was ac-
complished by decreased silent period. However, the decrease 
of activity by additional DLS area lesions was due to a fur-
ther descrease of the.A reflex since a further decrease of 
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the si~ent period should result in a net increase of th~ 
total nerve activity. This partial block of the A ~eflex 
by the DLF lesions made a very interesting case, in which 
the total nerve activity was varied by evoked reflex ac..:. 
tivity and silent period alternatively. This apparent 
separate control of total nerve activity by the _reflex ex-
bitation and the silent period suggests that the generation 
of the silent period may not·necessarily depend on excita-
tion. This .evidence favors the proposal of Koizumi and 
co-workers (52, 53) that independent mechanisms were in-
vblved.in the generation of the excitation and the silent 
period of the sympathetic discharge. This evidence does 
not support the proposal of Polosa (66) who ~uggested that 
the silent period is a post-activation depression of the 
·sympathetic preganglionic cell body. 
Ascending spinal pathways for the somatosympathetic 
A and C reflexes have not been previously studied. Results 
of the present experiments indicate that excitation of af-
ferent A and C f~bers selecti~ely activate sep~rate ascend-
ing spinal sympathoinhibitory and excitatory pathways, 
respectively. The present study not only localized the 
ascending spinal pathways for the sympathetic A and C re-
flexes, but also mad~ a bridge betweeri the concepts of 
afferent nerve specificity and ascending spin~l pathway 
specif,icity regulating blood pressure response during af-
ferent nerve stimulation. 
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B. General Discussion 
Basically qualitative techniques were applied in 
the present study and all the main conclusions were drawn 
from comparative data, i.e., based on changes from con-
trol responses. Therefore, absolute values were often 
neither meaningful nor emphasized. 
In the present experiments, sympathetic nerve re-
cording~ were made from several spontaneously active units. 
Not all sympathetic units are spontaneously active nor ex-
cited by afferent nerve stimulation but generally spon-
taneously active units are excited by afferent nerve stimu...: 
lation and vice versa (42) , Unit recordings were made in-
stead. of mass discharge recording from whole nerve because 
the silent pe~iod could be observed as ~ell as reflex 
excitation. Sampling of the recorded unit population of 
the present study was probably Skewed toward larger axons 
which are easier to record, although Janig and Schmidt {42) 
claimed their recordings faithfully represented overall 
population of the axons. These effects may be minimized 
by recording from several units simultaneously. !-1ul tiuni t 
recordings have some additional advantages over single unit 
re6ordings for the present experimental prirpose. Inhibition 
of sympathetic nerve activity can be obser~ed effiily because. 
the overall spontaneous activity level is higher with multi~ 
.unit recordings. Furthermore, it probably represents a 
better measurement of overall sympathetic outflow withol!t 
I· 
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analyzing numerous single units because sympathetic units 
having different function may behave differently (41, 52). 
Therefore, attention can·be focused on the central nervous 
structure with minimized variability of peripheral effects. 
Afferent nerve fibers having different origins 
(muscle, skin, etc.) or sizes (A-alpha, ~beta, -delta, C) 
elicit the somatosympathetic reflexes of different mag-
nitude (41, 51, 52, 80, 84, 85). To activate all the af-
ferent fibers which affect somatosympathetic reflex, mixed 
nerves (dorsal roots, radial nerve, peroneal nerve) were 
stimulated with suprathreshold intensity to C fibers in 
the present experiments. By activating all the afferent 
fibers, attention can be focused on the central organiza-
tion without the complexity of sizes or origins of the 
afferent fibers, which is the u~timate goal of the present 
study. 
Peripheral nerve stimulation can elicit pressor 
or depressor responses depending on the intensity (55, 69) ) 
and f~equency (32) of stimulati6n. Thus, blood pressure 
responses can be reversed by changing stimulus parameters. 
Historically, two major theories have been proposed to ex-
plain this blood pressure reversal phenomenon. Hunt (38} 
suggested that some afferent nerve fibers were pressor 
w~ile others were depressor. Thus, blood pressure res-
ponses were determined by the number of activated pressor 
and depressor afferent nerve fibers. On the other hand, 
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Ranson and associates (70, 71, 72, 74) proposed that this 
blood pressure reversal 'phenomenon was hot due to the ac-
tivation of two different fiber types. They suggested 
that stimuli·of different intensities or frequencies ap-
plied to the same afferent fiber types selectiv~ly activate 
a distinct ascending spinal pressor or depressor pathway 
due to the characteristics of each pathway. The former 
theory has been studied and well documented by recording 
blood pressure or sympathetic nerve activity (reviewed in 
50 and 82) . It is clear that stimulation of different fiber 
types {A or C fibers} .or afferent fibers having different 
origins (cutaneoui, muscle, visceral, etc.) cause different 
blood pressure responses. However, .the concept of dual 
ascending spinal pathways has received little attention 
despite the fact that the above two theories are not neces-
sarily mutually exclusive. That is, different afferent 
nerve fibers may excite separate ascending spinal pathways. 
The present experiments confirmed Ranson's concept of dual 
ascending pathways in the cat spinal cord and further 
demonstrated that different afferent nerve fibers activated 
separate ascending spinal pathways. Thus, the present 
study combines these two controvcrsi al .hypnthcs(~s form~n~J 
a new theory. Figure 23 summarizes the new concept of 
blood pressure responses to pcripheral,ncrvc stimulation. 
Excitation.of afferent A fibers selectively activate ascend-
ing sympathoinhibitory pathways in the DLF of the spinal 
FIGURE 23 
A NE~v CONCEPT OF BLOOD PRESSURE RESPONSES TO 
PERIPHERAL NERVE STIMULATION 
Rostral 
itatory 
Inhibitory 
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FIGURE 23 
LEGEND 
. A diagram showing the new concept of blood pressure 
responses to peripheral nerve stimulation. Excitation of 
afferent A and C fibers selectively activate ascending spi-
nal sympathoinhib~tory and excitatory pathways, respectively. 
Sympathoinhibitory pathway has weaker excitatory and stron-
ger inhibitory inputs to the supraspinal sympathetic inte-
grating area. On the other hand, sympathoexcitatory path-
way has stronger excitatory and weaker inhibitory inputs to 
the supraspinal sympathetic integrating area. DLS, dorso..,. 
lateral.sulcus area. DLF, dorsolateral funiculus. DR, 
dorsal root. 
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cord. This produces a small reflex excitation (A reflex) 
followed by a long silent period in the sympathetic nerves 
resulting in a net decrease of total sympathetic nerve ac-
tivity (depressor respon~e) . On the other hand~ excitation 
of afferent C fibers selectively activate ascending sym-
p~thoexcitatory pathways in the DLS area. This produces 
a large reflex excitation (C reflex) followed by a short 
silent period tesulting in a·net increase of total sym-
pathetic nerve activity (pressor response) . 
Recently, Boivie and Perl (6) reviewed the exten-
sive literature concerning the ascending spinal somatosen-
sory pathways. None of the known pathways conforms to 
those described in the present study. The spinocervical 
system generally occupies a position similar to the ascend-
ing sympathoinhibitory pathway described. However, these 
two pathways differ in two aspects. First, the spinocer-
vical syst~m (61) is a unilateral (ipsilateral) system 
whereas the sympathoinhibitory pathway is a bilateral sys-
tem. Second, the spinocervical system has much faster 
conduction velocities than the somatosympathetic pathway. 
Conduction velbcities of the spinocervical system ranged 
between 17 and 103m/sec, with a mean of 60 m/sec (11) 
whereas somatosympathetic pathway ranged between 5 and 
30 m/sec (15, Results C4). Thus, the spinocervical and 
somatosympatheticpathways are apparently different systems 
although they occupy a similar area in the spinal cord. 
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Since noxious stimuli elicit sympathetic activity 
discha·rge (33, 36, 37, 43, 44), it is probable that the 
ascending somatosympathetic pathway is a nociceptive path-
way. Tnere are two possible relationships between the 
ascending spinal somatosympathetic pathway and the nocicep-
tive pathway. First, the pathway for pain sensation and 
the one which elicits autonomic reflexes may be separ~te 
in the spinal cord. This notion is supported by Ranson's 
(71, 74) failure to b-lock the conduction of pain by dorsal 
hemisection of the spinal cord. This intriguingly sug-
gests that the central nervous system is specialized at 
the spinal cord level such that one afferent input connects 
to two different ascending afferent pathways according to 
their functions and central terminations. However, from 
an embryological point of view, it is not surprising that 
separate tracts in the spinal cord are organized according 
to their central connections. For example, the spinothal-
amic and spinocervical systems may receive similar afferent 
input but are destined for diffe~ent terminations. A 
second possibility is the ascending spinal pathway for pain 
sensation and somatosympathetic reflex may be identical, 
at least in the cat. Based on behavioral studies after 
spinal lesions, Kennard (47) concluded that the pain path-
. way in cats is a bilateral system localized in the dorsal 
half of the spinal cord. This study seems to suggest that 
the. pathways conducting pain sensation and autonomic reflex 
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may be ident-ical. The question could be answered by a series 
of experiments comparing pain and autonomic responses to 
noxious stimuli in cats with selective spinal cord lesions. 
Des,eending impulses originating from various parts 
of the brain (cerebral cortex, reticular formation, etc.) 
are known to influence and modulate sensory information 
processing in the spinal cord (reviewed in 62 and 88) . 
Conseq~ently, the pathways localized in the prese:nt experi-· 
merits may be descending rather than ascending pathways, i.e., 
descending tonic influence on afferent input was withdrawn 
by making lesions in the spinal cord. This removal of the 
descending influences would block the transmission of sen-
sory input to the ascending pathways located in some other 
area. This possibility can not be ruled out completely in 
the present experiments. It is reasonable to think that 
this possib~e descending influence affects afferent trans-
mission to spinally, as well as supraspinally, mediated 
somatosympathetic reflexes. However, spinally mediated 
somatosympathetic reflexes remain even after total removal 
of descending influences by s~inal cord transection (53, 
77, 78, 81, 83). Therefore, the pathways described in 
the present oxpo rim<'n t s arc most 1 ik<' ly <1sn~ncLi nq systems 
althou9h various dcsccndin9 system may modify the somata-
sympathetic reflex. 
Kirchner et al. (49) reported that the somatosym~ 
pathetic reflex recorded in the cervical sympathetic trunk 
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during the hind limb nerve stimulation, similar to the 
present study, has both spinally and supraspinally mediated 
. components. Therefore, the ascending spinal pathways for 
the somatosympathetic A and C reflexes localized in the 
present experiments are probably the pathways for both 
spinal and supraspinal components of the reflexes. That 
is, the spinally.and supraspinally mediated somatosympathet-:-
ic reflexes share the same spinal ascending path\'lay . 
• 
CHAPTER VI 
CONCLUSIONS 
The following observations and conclusions can be 
obtained from the results of these experiments: 
1. There are ascending pathways in the DLS area of 
the cervical and lumbar spinal cord which mediate pressor 
responses to afferent nerve stimulatiori. 
2. In addition, astending depressor pathway~ are pre-
sent in the DLF which are anatomically separate from as-
cending pressor pathways. 
3. Both ascending pressor and depressor p~thways are 
bilateral and decussation to the contralateral side is 
extended about three segments rostral to the site of.dor-
sal root entry for both pressor and depressor pathways. 
4. Ascending pressor pathways a:r:e more responsive-to 
·higher stimulus frequencies than depressor pathways. As-
cending pressor and depressor pathways compete with each 
other for final determination of blood pressure responses 
when afferent nei·vcs are stimulated. Pressor responses 
dominate at higher frequencies, whereas depressor respon-
ses dominate at lower frequencies. 
5. Recordings of sympathetic unit activity during 
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peripheral nerve stimulation confirmed the localization 
of asc~nding pressor and depressor pathways in the bilat-
eral DLS area and D~F, respectively. This further suggested 
that the ascending pressor and depressor pathways are a 
spinal ascending limb of somatosympathetic reflexes. That 
is, ascending pressor pathways are sympathoexcitatory and 
depressor pathways are sympathoinhibitory pathways. 
6. At a slow repetition:rate (0.3 Hz), single shcick 
stimulation of both A and'c afferent fibers elicited sym-
pathetic A reflex. When short trains of stimuli were given 
(train frequency 20-30 Hz), an addition9-l C reflex compo-
nent appeared. This sympathetic C reflex disappeared if 
the stimulus strength ~as lowered below the threshold of 
the afferent C fibers. 
T. The size of the sympathetic C reflex increased as 
stimulus frequency increased. The sympathetic C reflex 
'showed a recruitment pheno~enon. 
8. Average latency of the sympathetic A and C re:j:lexes 
were about 73-296 msec and 435-889 msec, respectively. 
9. Conducticin velocity of the ascending spinal path-
ways for the somatosympathetic reflex ranged 5-25 m/sec. 
10. The sympathetic A and C reflexes are ~ainly medi-
ated by ascending sympathoinhibitory pathways in the DLF 
and sympathoexci tatory pathways in the DLS area of the. 
spinal cord, respectively. 
11. The silent period is mainly controlled by 
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sympathoinhibitory pathways. 
12~ Excitation of afferent A fibers selectively activate 
ascending sympathoinhibitory pathways in the DLF of the 
spinal cord and this produces a small reflex excitation (A 
·reflex) followed by a long silent period in the sympathetic 
nerves, resulting in net decrease of total sympathetic 
nerve activity (depressor response). On the other hand, 
excitation of afferent C fib~rs selectively activates as-
cending sympathoexcitatory pathways in the DLS area. This 
produces a large refl~x excitation (C reflex) followed by 
a short silent period, resulting net increase of total sym-
pathetic nerve activity (pres~or response). 
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APPENDIX A 
A method of analysis was developed to express and 
compare the reflexly elicited nerve activity recorded from 
preparations "[hich contain different numbers of nerve fi-
bers. A basic assumption was made. Statistically, each 
nerve fiber of a given system behaves similarly. That is, 
each unit has the same spontaneous activity and elicits the 
same number of evoked activity when stimulated. Consequent-
ly, the number of evoked responses and the spontaneous ac-
tivity are proportional to the number of recorded units. 
Figure 24 shows an example of the theoretical nerve 
activity and the resultant poststimulus histogram. The 
theoretical .nerve activity which has both spontaneous and 
evoked responses is shown in Fig. 24A. From the histogram 
in Fig. 24B, the evoked and spontaneo*us portions of the 
histogram could be averaged so that each portion forms a 
rectangle as shown in Fig. 24C. Both the evoked and spon-
taneous responses are proportional to the number of record-
ed units. That is, 
N = f X D = c 1 n -~---~--------~-------------- (1) r r r 
N = f X D = c 2n ----------------------------- ( 2) s s s 
where Nris the number, of reflexly evoked activity, 
N 
s 
is the number of spontaneous activity, 
f is the frequency of reflexly evoked activity, 
r 
f is the frequency of spontaneous activity, 
s 
D is the duration of reflexly evoked activity, 
r 
D 
s 
-is the. duration of spontaneou~ activity, 
cl and c2 are the proportionality constants, 
n is the number of recorded units. 
Then, 
N f X D cl r r r 
c = = = 
---------------------- (3) 
N fs X D c2 s s 
for a given D , where, C is a constant. 
S· 
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FIGURE 24 
LEGEND 
An example of the theoretical nerve act±vity and 
its poststimulus time histogram. A: theoretical nerve 
activity including both spontaneous and evoked.activity. 
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B: the poststimulus time histogram of the nerve activity. 
C: evoked and spontaJ,'leous activity portions of the histo-
gram were averaged.so that each portion forms a rectangle.· 
Dr, duration of evoked activity. fr, frequency of evoked 
activity. Ds, duration of spontaneous activity. fs, fre-
quency of spontaneous activity. 
From eq. (3), 
c X D = 
s 
f X D 
r r 
fs 
A factor "Refle}( Index 
From eq. ( 4) ' 
RI = C X Ds 
f X D 
r r 
= f 
s 
Nr Nt -
= = -f- f 
s s 
(RI)" is defined as c X Ds. 
N 
s 
--------------------------
where, Nt is total nerve activity. 
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(4) 
(5) 
Then, the RI is a constant regardless of the number of re-
corded nerve fibers for a giveri system. The RI is also in-
dependent from frequency and duration of the evoked activ-
ity. The RI has a unit of time arid indicates the relative 
size of the evoked act1vity. Positive and negative values 
of the RI indicate excitation and inhibition, respectively. 
RI value of zero means no net change of activity, i.e~, 
continuous spontaneous activity. 
To test the RI analysis technique, a series of post-
stimulus time histograms (PSTH) for hypothetical nerve re-
cordings were plotted by a ·PDP-12 computer. The hypothet-
ical nerve recordings were simulated by generating a series 
of patterned pulses with four squarewave pulse generators 
(PGl, PG2, PG3 and PG4) and two gate devices (Gl and G2) 
as shown in Fig. 25. PGl generatei pulses every second as 
shown in Fig. 25A. The output of PGl triggers the computer 
sweep as well as PG2. Then, PG2 generates a long duration 
pulse after a delay to simulate the evoked response dura-
tion. PG3 was used to determine the evoked response fre-
~uency and delivers. high frequency pulses independently 
from PGl. Outputs of PG2 ~nd PG3 were fed into Gl which 
is an AND gate device. The AND gate passes input signals 
to the· output only when signal~ are simultaneously present 
in input 1 and 2·. Therefore, the output of Gl (Fig. 250) 
i~ a train of pulses with train-duration and impulse fre-
quency determined by PG2 and PG3, respectively. This out-
put was used for the simulated evoked response. The evok-
ed activity was random to the beginning of the response 
train, as well as the computer sweep, because PG3 ran in-
dependent to PGl and PG2. The simulated spontaneous 
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FIGURE 25 
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FIGURE 25 
LEGEND 
Instrumentation for generation of simulated nerve 
recordings. Simulated nerve recordings were generated us~ 
ing four square wave pulse generators (PGl ,. PG2, PG3 and 
PG4) and two gate devices (Gland G2). The ·gate devices 
Gland G2 are'AND and OR gates, respectively. o_utputs of 
PGl, PG2, PG3 and PG4 are shown in A, B, C and E, corres-
pondingly. The outputs of Gl and G2 are shown in D and 
F, respectively. The output of G2 was used as a response 
input to the computer for the histogram plotting; The 
output of PGl was used as a computer trigger signal. PG2 
.was driven by PGl whereas PG3 and PG4 were free running. 
Difference between evoked and sporitaneous activities was 
emphasized by using dotted line for spontaneous activity . 
• 
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activity generated by PG4 was random to the evoked response 
since PG4, PG3, and PGl ran independently. The outputs of 
Gl and PG4 were fed into another gate device, G2, which is 
an OR gate. The OR gate pass input sign~ls to output when- · 
ever signals are present in either inputs 1 or 2. Thus, 
the output of G2 is combination of the evoked response 
(output of Gl) and the apontaneous activity (output of PG4) 
as shown· in Fig. 24F. This G2 output was fed into the com-
puter to plot PSTH. 
,Figure 26 shows simulated nerve recordings (upper 
part) and computer plots of PSTH (lower part) from three 
different conditions. All the PSTH were formed by adding 
20 sweeps. Each hypothetical nerve unit was assumed to 
have a 2 Hz spontaneous activity and responses with one 
evoked spike for ea.ch stimulation. Figure 26A shows a re-
cording from a hypothetical nerve preparation which con-
tains two active units. Therefore, it has spontaneous ac~ 
tivity of 4 Hz and gives t\vo impulses for each stimulation. 
This was done by adjusting PG2, PG3 and PG4 for an evoked 
response duration of 80 msec, a frequency of 25 Hz anJ spon-
taneous frequency of 4 Hz. Figure 268 contains five active 
units. The spontaneous activity wa..s 10 Hz and five evoked 
respons.es are generated for each stimulation. Evoked res-
ponse duration a~d frequency were set at 100 ms~c and 50 
Hz, respectively. Figure 26C has the same number of active 
units as Fig. 268 but has lower evoked response frequency 
(25 Hz) but a longer evoked response duration (200 msec). 
The value of the RI shorild be same in the three dif~ 
ferent conditions in Fig. 26A, 8 and C. The. e~pected and 
observed values of .various parameters are shown in Table 1. 
Observed values were calculated from the computer readings 
of PSTH which were formed by.,. adding ·20 sweeps. As shown in 
Table 1, the values of the RI are constant and identical 
for all expected and observed cases. The RI is indepen-
dent of the number of recorped units and duration or fre-
quency of evoked activity as long as the basic assumptions 
are valid. 
The RI can be applied not only to reflexly elicited 
responses but also to direct activated afferent responses. 
Positive and negative values of RI mean a net gain and loss· 
of nerve activity, respectively. Therefore, the value of RI 
can be applied to excitatory, as well as inhibitory respon-
ses. It is easier to see inhib~tory (greater n~gative Rt 
value) response when higher spontaneous activity is present. 
There are some limitations of the use of RI. The 
basic assumption which was made for the calculation of RI 
should be satisfie~. That is, each unit should statisticany 
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FIGURE 26 
SIMULATED NERVE RECORDINGS 
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. FIGURE 26 
LEGEND 
Simulated nerve recordings in three different con-
ditions. The stimulus was assumed to be applied at time 
zero. Evoked and spontaneous activities were generated py 
a series of square wave pulse generators (see Fig. 24 and 
text). The upper part shows single sweep responses. For 
convenience the difference between evoked and spontaneous 
activity was emphasized using different amplitudes. The 
lower part shows poststimulus time histogram formed by com-
puter after 20 sweeps were added. Both evoked and sppnta-
neous activities were randomized by using pulse generators 
which run independently from the computer trigger signal. 
A: iecording from two active units. This rec6rding has a 
spontaneous activity of 4 Hz and two evoked impulses with 
40 msec interspike interval for each sti~ulation. B: re-
cording from five active units. This recording has a spon-
taneous activity of 10 Hz and five evoked impulses with 20 
msec interspike interval for each stimulation. ~: record-
ing from five active units. This recording has a sponta-
neous activity of .10 Hz and five evoked impulses with 40 
msec interspike interval for each stimulation. Imp, num-
ber of impulses per bin (20 msec). 
TABLE 1 
REFLEX INDEX IN SIMULATED NERVE RECORDINGS 
EXPECTED VALUES 
CASE NUMBER OF f (Hz) N D (Insec) f (Hz) RI(sec) 
UNITS. s r r r 
A 2 4 2 80 25 0.5 
B 5 10 5 100 50 0.5 
c 5 10 5 200 25 ·. 0. 5 
OBSERVED VALUES 
CASE N N N D (msec) f . (Hz) RI(sec) t s r r s 
A 6(120) 4(80) 2(40) 80 4 0.5 
B 15(300) 10(200) 5{100) 100 10 0. 5 . 
c 15(300) 10(200) 5(100) 200 10 0.5 
TABLE 1 
LEGEND 
Expected and observed values of Reflex Index in 
three different simulated nerve recordings. Values of 
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the various parameters in this table are from the cor-
responding simulated nerve recordings in Fig. 25. The 
expected values are the parameters set to simulate each 
recording condition. Observed values are determined from 
the analysis of the plottedhistograms in Fig. 25. Ob-
served values shown in the table are averaged single sweep 
values which were taken from the direct readings (in· 
parentheses) divided by the number of sweeps (20 times). 
Note only the value of Reflex Index is consistent in these 
different conditions. 
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beQ.ave similarly for both spontaneous and evoked activity. 
Another limitation is the RI value can be calculated only 
from the system which has spontaneous activity. The smal-
ler the spontaneous level may caus~ the greater degree of 
error. The higher spontaneous activity system has two ad-
vantages. First, it has less chance of possible error. 
Second, it is easier to see inhibitory response if there 
is any. 
Absolute value of RI or comparison of RI value in 
two different systems is meaningless since the intrinsic 
value of RI is different in every system. It should be 
used only in comparative sense within a system. 
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